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ELECTRIC VEHICLE RESEARCH, DEVELOPMENT, AND 
DEMONSTRATION ACT OF 1975 



TUESDAY, OCTOBEB 7, 1975 

U.S. Senate, 
Committee on Commerce, Special 
Subcommittee on Science, Technology, and Commerce, 

Washington, D.C. 
The subcommittee met at 9 :35 a.m. in room 1318, Dirksen Senate 
Office Building, Hon. Frank E. Moss presiding. 

OPENING STATEMENT ST SENATOR MOSS 

Senator Moss. The subcommittee will come to order. 

The special Subcommittee on Science, Technology, and Commerce 
is now beginning 2 days of hearings on the electric vehicle legislation. 
These hearings are a reflection of the growing belief in the Congress 
that the electric vehicle is an extremely important option to consider 
as we attempt to reduce our deepening dependence on foreign oil. 

Already almost 40 percent of our oil is imported. Nearly 25 percent 
of it comes from the Middle East. This growing dependence presents 
a clear threat to our national security and a continuing drain on our 
economy. It will be impossible to lessen this dependence unless we halt 
or reverse the ever-escalating consumption of our petroleum resources. 
To accomplish this purpose we must focus on the automobile, for it iB 
the single largest end-user of petroleum in this country. In fact, our 
motor vehicles consume approximately 6% million barrels of petro- 
leum a day, which is equivalent to our total present import of oil from 
all foreign sources. 

Furthermore, there is mounting evidence that gasoline con- 
sumption will increase unless strong conservation measures are 
implemented. 

The electric vehicle appears to provide an excellent means by which 
to reverse this trend. It has been estimated that, for example, if 19 
percent of our cars were replaced by electric vehicles, this would save 
us the equivalent of approximately 365 million barrels of oil an- 
nually, almost one-sixth of our present oil imports. Also the electric 
vehicle provides us the option of utilizing multiple sources of energy. 
We could, therefore, depend on electricity generated by our coal, solar, 
geothermal or nuclear resources and thereby lessen the pressure on do- 
mestic petroleum reserves. 

Our hearings today will focus on four major questions : 

First, what are the present performance characteristics of electric 
vehicles and to what extent can they fulfill our current transportation 
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Second, what are the best estimates of the probable improvements in 
electric vehicle performances as an outgrowth of an accelerated 
research and development program % 

Third, what are the institutional or other barriers to rapid devel- 
opment and introduction of electric vehicles in our automobile fleet ! 

And, fourth, what should be the role of the Federal Government in 
facilitating electric vehicle development and demonstration? 

There are two significant pieces of legislation before the subcom- 
mittee which will aid us in focusing on these questions. They are 
S. 1632 and H.R. 8800. Both entitled the Electric Vehicle Research, 
Development, and Demonstration Act of 1975. 

I introduced S. 1632 with Senator Humphrey last spring and H.R. 
8800 passed the House of Representatives on the 5th of September. 
These bills will substantially increase the Federal role in fostering 
electric vehicle research and development. They also, would institute 
a national program to demonstrate present and future electric vehicle 
technology to help accelerate their rapid introduction into our vehicle 
fleet. 

[The bills and agency comments follow :] 
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S. 1632 



IN THE SENATE OF THE UNITED STATES 

H.\t r. (fcpisliitiTe dnv, Aran. 21), 1075 



A BILL 

To authorize in the Energy Research and Development Admin- 
istration a Federal program of research, development, and 
demonstration designed to promote electric vehicle tech- 
nologies and to demonstrate the commercial feasibility of - 
electric vehicles. 

1 Be it enacted by Ike Senate and House of Itepresenta- 

2 (ires of Ike United States of America in Congress assembled, 

3 SHORT TITLE 

4 Section 1. This Act may he cited as the "Electric 

5 Vehicle Research, Development, and Demonstration Act 

6 of 1975". 

7 FINDINGS 

8 Sec. 2. The Congress hereby finds that — 

9 (1) travel patterns of commercial and private 

II 

•(Star Print) 
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2 
vehicles in urban areas are weighted heavily toward 
short and predictable trips well within the capability of 
electric vehicles of current design; 

(2) our balance of payments and our economic 
stability are threatened by the need to import oil for 
the production of liquid fuel for gasoline-powered 
vehicles; 

(3) the shortage of fuel for gasoline-powered 
vehicles will continue indefinitely; 

(4) the increased price of petroleum is a major 
factor in recent inflationary trends; 

(5) the strain on individuals' budgets inflicted by 
liquid fuel prices mandates the development of an alter- 
native source of propulsion wherever possible; 

{6) environmental pollution control is becoming 
more and more difficult and expensive with the use of 
gasoline-powered vehicles, and the steadily increasing 
numbers of such vehicles threatens the quality of the 
air even when strict controls are applied to individual 
vehicles ; 

{7) stationary sources of pollutants are potentially 
easier to control than moving vehicles, making it en- 
vironmentally desirable for transportation systems to be 
powered from central sources; 
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3 
(3) Bfaid-inti fBwtatA vehicles are a major swam 

(9) electric-po m cicd vehicles do not emit say sig- 
nificant polkanuts and are Ear less noisy than «»wi>- 
tkmal atwoM es and tracks; 

(10) new technologies of propulsion and control 
have made electric vehicles more practicable man in 
the past, and developments in battery technology indi- 
cate that further progress is likely in the next decade : 

(11) because electric vehicles use Utile or no energy 
when slopped in nrban traffic, they permit the conserva- 
tion of energy currently wasted by conventional auto- 
mobiles and tracks; 

(12) the power demands of electric vehicles would 
promote energy conservation by loading utilities in off- 
peak late night hours, permitting more efficient use of 
plant capacity; 

(13) the depressed state of the current automobile 
industry would be alleviated by the introduction of 
new technologies more closely matching consumer needs ; 
and 

(14)' because of the large capital needs of new trnns- 
portation technology, and the built-in features of current 
highway and maintenance systems which tend to bins 
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1 consumers toward conventional vehicles, a Federal role 

2 is required in promoting the development of the socially 

3 desirable electric vehicle industry. 

i POLICY AND GOALS 

5 Sec. 3. (a) It is declared to be the policy of the United 

6 States and the purpose of this Act to demonstrate the com- 

7 mercial feasibility of electric vehicles for urban individual and 

8 business use, and to encourage research and development 

9 in new technologies for electric vehicles with wider applica- 
nt* tiona, in order to promote long-range conservation of liquid 

11 fuel and reduce environmental pollution. 

12 (b) In carrying out the purpose of this Act it is the 

13 goal of the Federal Government — 

1* (1) to promote the substitution of electric vehicles 

* 5 for many gasoline- and diesel-powered vehicles currently 

1G used in routine short-haul, low load applications ; 

17 (2) to implement this policy by removing instita- 

18 tional barriers to such substitution where otherwise prac- 

19 ticable; 

20 (3) to provide incentives for consumers and indus- 
" try to adopt and utilize electric vehicles whenever the 

use of such vehicles would be beneficial; and 

(4) to provide a research and development back- 
ground for further applications as rapidly as possible to 
meet the further tightening of liquid fuel availability. 
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1 DEFINITIONS 

2 Sec. 4. For purposes of this Act — 

3 (1) The term "electric vehicle" means a vehicle which 
£ is powered primarily by an electric motor drawing current 

5 from rechargeable storage batteries, fuel cells, or other port- 

6 able sources of electrical current. It may include also a non- 

7 electrical source of power designed to charge batteries or 

8 provide auxiliary power to the wheels. 

9 (2) The term "project" means the Electric Vehicle 

10 Research Development and Demonstration Project estab- 

11 lished within the Energy Research and Development Ad- 

12 ministration as provided in section 5 of mis Act. 

13 (3) The term "Administrator" means the Administrator 
M of the Energy Research and Development Administration. 

15 (4) The term "significant numbers" means numbers 

16 sufficient to assure a realistic and effective demonstration in 
1' support of the objectives of this Act; except that in any 

18 event, for (he purposes of subsection (a) of section 7, sig- 

19 nificant numbers of vehicles shall be considered to have been 

20 produced if five thousand or more are produced. 

21 Sec. 5. (a) The Administrator shall promptly establish, 

22 as an organizational entity within the Energy Research and 

23 Development Administration, the Electric Vehicle Research, 

24 Development and Demonstration Project. 

*® (b) The overall management of the project shall be 'the 
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1 responsibility of the Administrator, bat he may enter into 

2 such arrangements and agreements with the National Aero- 

3 nautics and Space Administration, the Secretary of Trans- 

4 portation, the National Science Foundation, the Environ- 

5 mental Protection Agency, the Secretary of Housing and 

6 Urban Development, and such other Federal offices and 

7 agencies as he may deem necessary or appropriate for the 

8 conduct by them of parts or aspects of the project which are 

9 within their particular competence. 

10 (c) In providing for the effective management of the 

11 project the Administrator shall have specific responsibility 

12 for— 

13 (1) promoting basic research on electric vehicle 

14 batteries, controls, and motors ; 

15 (2) determining optimum overall electric vehicle 

16 design; 

17 (3) conducting demonstrations of the feasibility of 

18 commercial electric vehicles by contracting for the 

19 practical manufacture of electric vehicles and by devel- 

20 oping arrangements with other agencies and nongov- 

21 ernmental entities for the operation of such vehicles; 

22 (4) ascertaining consumer needs and desires so as 

23 to match the design of electric vehicles to their poten- 

24 tial market; and 

25; ' . . . (5) ascertaining the long-term changes in road 
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1 design, urban planning, traffic management, mainte- 

2 nance facilities, utility rate structures, and tax policies 

3 which are needed to facilitate the manufacture and use 

4 of electric vehicles. 

5 BEBEABCH AND DEVELOPMENT 

6 Sec. 6. The Administrator, acting through appropriate 

7 agencies and contractors, shall initiate and provide for the 

8 conduct of research and development in areas related to elec- 

9 trie vehicles, including — 

10 (1) energy storage technology, including batterieV 

11 and their potential for convenient recharging; 

12 (2) vehicle control systems and overall design for 

13 energy conservation, including the use of regenerative 

14 braking; 

15 (3) urban design and traffic management for opti- 

16 mum transportation-related energy use and minimum 

17 transportation-related degradation of the environment; 

18 and 

19 (4) vehicle design for maximum practical lifetime, 

20 ease of repair, and interchangeability and replaceability 

21 of parts. 

22 . DEMONSTRATION 

23 Sec. 7. (a) The Administrator shall enter into such 

24 contracts as may be necessary and appropriate — 

25 (1) for the production, within eighteen months 
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1 after the dale of Ike enactment of this Act, of signifi- 

2 cant numbers of urban passenger and commercial ve- 

3 hides (meeting the standards and criteria developed 

4 under subsection (b) ) which have electric propulsion 

5 systems on conventional chassis; and 

6 (2) for the production, within three years after 

7 such date, of significant number of urban passenger and 

8 commercial vehicles (meeting such standards) which 

9 are specifically designed for electric propulsion as the 

10 primary power source. 

11 (li ) Within one hundred and eighty days after the date 

12 of the enactment of this Act, the Administrator shall develop 

13 or arrange for the development of performance standards and 

14 criteria which are suitable for the needs of urban private 

15 passenger vehicles and urban commercial vehicles (and 

16 which shall be applicable to the vehicles produced under 

17 subsection (a)). The standards and criteria so developed 

18 shall not be designed simply to reflect the characteristics of 

19 current internal combustion engine automobiles and trucks, 

20 but shall also take iuto account the factors of energy conser- 

21 vation, urban traffic characteristics, patterns of use for "seo- 

22 ond" vehicles, consumer preferences, maintenance needs, 

23 battery recharging characteristics, materials demand and 

24 recyclability, vehicle safety and insurability, and other rele- 

25 vant considerations, as such factors and considerations par- 
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1 ticnlarly apply to or affect vehicles with electric propulsion 

2 systems. Such standards and criteria are to be developed and 

3 determined separately for vehicles designed with electric 

4 propulsion systems on conventional chassis and for vehicles 

5 specifically designed for electric propulsion as the primary 

6 power source. Iu developing such standards and criteria, 

7 the Administrator shall consult with appropriate authorities 

8 concerning design needs for electric vehicles compatible with 

9 long-range urban planning and traffic management. 

10 (c) The Administrator shall make such arrangements 

11 as may be necessary or appropriate — 

12 (1) for the introduction of the electric vehicles 

13 produced under subsection (a) into the vehicle fleets of 

14 State and local governments and Federal agencies; 

15 (2) for the introduction of such vehicles into indi- 

16 vidua! and business use, with the individuals and busi- 

17 nesses involved being chosen by an equitable process 

18 (such as a lottery in each region or category) and being 

19 given the option of purchasing or leasing such vehicles 

20 under terms and conditions which will insure their wide* 

21 spread use; 

22 (3) for the evaluation of electric vehicle perform- 

23 ance and of consumer reaction to electric vehicles in use: 

24 (4) for demonstration maintenance projects 

25 (including maintenance organization and equipment 
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1 needs), and model training projects on maintenance 

2 procedures; and 

3 (5) for the dissemination of data on electric vehicle 

4 safety and operating characteristics (including non- 

5 technical descriptive data made available through the 

6 Government Printing Office) to State and municipal 

7 consumer affairs agencies and groups. 

8 USE OF ELEOTBIO VEHICLES BT FEDERAL AGENCIES 

9 Sec. 8. (a) The United States Postal Service, the 

10 General Services Administration, the Secretary of Defense, 

11 and the heads of other Federal agencies shall arrange for the 

12 introduction of electric vehicles into their fleets as soon as 

13 possible. For competitive procurement purposes in pur- 

14 chasing such vehicles, life cycle costing and the beneficial 

15 emission characteristics of electric vehicles shall be fully 

16 taken into account. In any case where (as 'determined by the 

17 head of the agency involved) electric vehicles are practical 
IS hut are not economically competitive with conventional 

19 vehicles, the Administrator may pay the incremental cost of 

20 the electric vehicles (as a part of the, demonstration pro- 

21 gram under section 7) to insure that the maximum number 

22 of electric vehicles are placed in use by Federal agencies. 

23 incentives and assessments 

24 Sec. 9. (a) The Administrator shall conduct a study 

25 to determine the existence of any tax, regulatory, traffic, 
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1 urban design, and other institutional factors which tend or 

2 may tend to bias transportation systems toward vehicles 

3 particular characteristics, and shall report the results of 

4 such study to the Congress within six months after the date 

5 of the enactment of this Act 

6 (b) The Administrator shall conduct a continuing 

7 assessment of the long-range materials demand and pollution 

8 effects which may result from or in connection with the 

9 electrification of urban traffic, and shall include a statement 

10 of his current findings in each report submitted under section 

11 12. Any environmental impact statement which may be filed 

12 under a Federal law with respect to research, development, 

13 or demonstration activities under this Act shall include refer- 

14 ence to the matters which are subject to assessment under 

15 this subsection. 

16 (c) In carrying out his functions under this Act, the 

17 Administrator shall perform or cause to be performed studies 

18 and research on incentives to promote broader utilization and 

19 consumer acceptance of electric vehicle technologies. 

20 ENCOTJEAGEMENT AND PBOTECTION OF SMALL BUSINESS 

21 Sec. 10. In carrying out his functions under this Act, 

22 the Administrator shall take steps to assure that small 

23 business concerns and qualified individuals will have realis- 

24 tic and adequate opportunities to participate in the program 

25 under this Act to the maximum extent possible. 
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1 EEPOBTS TO CONGBESa 

2 Sec. 11. The Administrator shall submit to the Con- 

3 gress semiannually a report on all activities being under- 

4 taken or carried out pursuant to the provisions of this Act, 

5 including such projections and estimates as may be neces- 

6 sary to evaluate the progress of the program under this Act 

7 and to indicate the extent to which Bnd pace at which the 

8 objectives of this Act are being achieved. Each such report 

9 shall also include any recommendations which the Adiuinis- 

10 trator may deem appropriate for legislation or related action 

11 which might further the purposes of this Act. 

12 APPBOPMATTONS 

13 Sec 12, There are authorized to be appropriated to the 

14 Administrator not to exceed $40,000,000 for each of the 

15 three fiscal years 1976, 1977, and 1978. Any amount ap- 
1 propriated pursuant to this section shall remain available 

until expended, and any amount authorized for either of the 
first two such fiscal years but not appropriated may be ap- 
propriated for any succeeding fiscal year through the third 
such year. 
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H. R. 8800 



IN THE SENATE OF THE UNITED STATES 

September 6, 1075 
Ktftd twice and referred to the Committee on Commerce 



AN ACT 

To authorize in the Energy Research and Development Admin- 
istration a Federal program of research, development, and 
demonstration designed to promote electric vehicle technol- 
ogies and to demonstrate the commercial feasibility of electric 
vehicles! 
1 Be it enacted by the Senate and House of Representa- 

1 lives of the United States of America in Congress assembled, 

3 SHOKT TITLE 

4 Section 1. This Act may be cited as the "Electric Vfr- 

5 hide Research, Development, and Demonstration Act of 

6 1975". 

7 FINDINGS 

3 Sec. 2. The Congress hereby finds that— 



)y Google 



16 



2 

(1) travel patterns of commercial and private 
vehicles in urban areas are weighted heavily toward 
short and predictable trips well within the capability of 
electric vehicles ; 

(2) travel patterns of motor vehicles used on farms 
for agricultural production and rural travel, including 
automobiles, tractors, and trucks, in many applications 
are within the capability of electric vehicles; 

(3) our balance of payments and our economic 
stability are threatened by the need to import oil for 
the production of liquid fuel for gasoline-powered 
vehicles ; 

(4) the shortage of fuel for gasoline-powered 
vehicles will continue indefinitely; 

(5) the increased price of petroleum is a major 
factor in recent inflationary trends ; 

(6) the strain on individuals' budgets inflicted by 
liquid fuel prices mandates the development of an alter- 
native source of propulsion wherever possible ; 

(7) the potential negative impact of continued 
motor vehicle fuel price increases on farm production 
mandates the development of alternate sources of farm 
vehicle propulsion whenever possible; 

(8) environmental pollution control is becoming 
more and more difficult and expensive with the use of 
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1 gasoline-powered vehicles, and the steadily increasing 

2 numbers of such vehicles threaten the quality of (lie 

3 air even when strict controls are applied to individual 
i vehicles ; 

5 (9) stationary sources of pollutants are potentially 

6 easier to control than moving vehicles, making it eo- 

7 vironmentally desirable for transportation systems to be 

8 powered from central sources ; 

9 ( 10) liquid-fnel-powered vehicles are a major source 

10 of urban noise pollution; 

11 (11) electric-powered vehicles do not emit any sig- 

12 nificant pollutants and are far less noisy than conven- 

13 tional automobiles and trucks; 

14 (12) new technologies of propulsion and control 

15 have made electric and hybrid vehicles more practicable 

16 than in the past, and developments in battery technology 

17 indicate that further progress is likely in the next decade ; 
lg ( 13) because electric and hybrid vehicles use little 

19 or no energy when stopped in urban traffic, they permit 

20 the conservation of energy currently wasted by couven- 
2i tional automobiles and trucks; • 

22 (14) the power demands of electric and hybrid 

23 vehicles would promote energy conservation by loading 

24 utilities in off-peak late night hours, permitting more 

25 efficient use of plant capacity; 
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1 (15) the depressed state of the current automobile 

2 industry would be alleviated by die introduction of 

3 new technologies more closely matching consumer needs; 

4 and 

5 (16) because of the large capital needs of new trans- 

6 portation technology, and the built-in features of current 

7 highway and maintenance systems which tend to bias 

8 consumers toward conventional vehicles, a Federal role 

9 is required in promoting the development of the socially 

10 desirable electric and hybrid vehicle industry. 

11 POLICY AND GOALS 

12 Sec. 3. (a) It is declared to be the policy of the United 

13 States and the purpose of this Act to demonstrate the com- 

14 mercial feasibility of electric and hybrid vehicles for urban 

15 individual and business use and farm applications, and to 

16 encourage research and development in new technologies for 
1? electric and hybrid vehicles with wider applications, in order 

18 to promote long-range conservation of liquid fuel and reduce 

19 environmental pollution. 

20 (b) In carrying out the purpose of this Act it is the goal 

21 of the Federal Government— 

22 (1) to promote the substitution of electric and hy- 

23 brid vehicles for many gasoline- and diesel-powered 

24 vehicles currently used in routine short-haul, low-load 

25 applications; 
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1 (2) to implement this policy by removing institu- 

•> tional barriers to such substitution where otherwise prac- 

3 ticable; 

4 (3) to provide incentives for consumer* and indus- 

5 try to adopt and utilize electric and hybrid vehicles 
<j whenever the use of such vehicles would be beneficial; 

7 and 

8 (4) to provide a research and development back- 

9 ground for further applications as rapidly as possible to 

10 meet the further tightening of liquid fuel availability. ' 

11 DEFINITIONS 

12 Sec. 4. For the purposes of this Act — 

13 (1) The term "electric vehicle" means a vehicle which 

14 is powered by an electric motor drawing current from re- 

15 chargeable storage batteries, fuel cells, or other portable 

16 sources of electrical current, and which may include also a 

17 nonelectrical source of power designed to charge batteries. 

18 (2) The term "hybrid vehicle" means a vehicle pro- 

19 pelled by a combination of an electric motor and an internal 

20 combustion engine or other alternative engine. 

21 (3) The term "project" means the Electric Vehicle 

22 Research, Development, and Demonstration Project estab- 

23 lished within the Energy Research and Development Ad- 

24 ministration as provided in section 5. 

25 (4) The term "Administrator" means the Adminifltra- 
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I tor of the Energy Research and Development Administra- 
? lion. 

3 (5) The term "commercial electric vehicles" in sec- 

4 tion 7 includes motor vehicles used for business purposes on 

5 farms, such as tractors and trucks, for agricultural produc- 

6 tion and rural travel, in addition to vehicles used for com- 

7 mercial purposes in urban areas. 

8 HANAGEMENT 

9 Sec. 5. (a) The Administrator shall promptly establish, 
10 as an organizational entity within the Energy Research and 

II Development Administration, the Electric Vehicle Research, 

12 Development, and Demonstration Project. 

13 (b) The overall management of the project shall he 

14 the responsibility of the Administrator, but he may enter into 

15 such arrangements and agreements with the National Aero- 

16 nautics and Space Administration, the Secretary of Trans- 

17 portatlon, the National Science Foundation, the Environ- 

18 mental Protection Agency, the Secretary of Housing and 

19 Urban Development, the Secretary of Agriculture, and other 

20 Federal officers and agencies as he may deem necessary or 

21 appropriate for the conduct by them of parts or aspects of 

22 the project which are within their particular competence. 

23 (c) In providing for the effective management of the 

24 project the Administrator shall have specific responsibility 

25 for- 
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X (1) promoting basic and applied research on elec- 

2 trio and hybrid vehicle batteries, controls, and motors; 

3 (2) determining optimum overall electric and hy- 

4 brid vehicle design; 

5 (3) conducting demonstrations of the feasibility of 
commercial electric and hybrid vehicles by contracting 
7 for the practical manufacture of electric and hybrid vehi- 
g cles and by developing arrangements with other agencies 
9 and nongovernmental entities for the operation of such 

10 vehicles; 

11 (4) ascertaining consumer needs and desires so as 

12 to match the. design of electric and hybrid vehicles to 

13 their potential market; and 

14 (5) ascertaining the long-term changes in road 

15 design, urban planning, traffic management, mainte- 

16 nance facilities, utility rate structures, and tax policies 

17 which are needed to facilitate the manufacture and use 

18 of electric and hybrid vehicles. 

19 RESEARCH AND DEVELOPMENT 

20 Sbo. 6. The Administrator, acting through appropriate 

21 agencies and contractors, shall initiate and provide for the 

22 conduct of research and development in areas related to elec- 

23 trio and hybrid vehicles, including — 

24 (1) energy storage technology, including batteries 

25 and their potential for convenient recharging; 
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1 (2) vehicle control systems and overall design for 

9. energy conservation, including the use of regenerative 

3 braking; 

4 (3) urban design and traffic management for opti- 

5 mum transportation-related energy use and minimum 
G transportation-related degradation of the environment; 

7 and 

8 (4) vehicle design for maximum practical lifetime, 

9 ease of repair, and interchangeability and replaceability 

10 of parts. 

11 DEMONSTRATION 

12 Sec: 7. (a) The Administrator (subject to section 13 
,3 (c) ) shall enter into such contracts as may be necessary and 

14 appropriate — 

15 ( 1 ) within one year after the date of the enactment 
IS of this Act, for the production of a reasonable number 

17 of urban passenger and commercial electric vehicles for 

18 the purpose of evaluation tests and initial in-use demon- 

19 stration of current state-of-the-art; 

20 (2) within fifteen months after such date, for the 
2i production of at least twenty-five hundred select urban 

22 passenger and commercial electric vehicles (meeting the 

23 initial standards and criteria developed under subsection 

24 (b)) with available components and designs; and 
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(3) within forty-two months after such date, for the 
production of at least five thousand urban passenger 
and commercial electric or hybrid vehicles (meeting 
the appropriate standards and criteria developed under 
subsection (b) } which have advanced components and 



7 (b) (1) Within one year after the date of the enact- 

S merit of this Act, the Administrator shall develop or arrange 

9 for the development of initial performance standards and 

10 criteria which are suitable for the needs of urban private 

11 passenger vehicles and urban commercial vehicles (and 

12 which shall be applicable to the vehicles produced under 

13 subsection (a) (2) ) . The standards and criteria so developed 

14 shall not be designed simply to reflect the characteristics of 

15 current internal combustion engine automobiles and trucks, 
IS but shall also take into account the factors of energy con- 

17 serration, urban traffic characteristics, patterns of use for 

18 "second" vehicles, consumer preferences, maintenance needs, 

19 battery recharging characteristics, agricultural requirements, 

20 materials demand and recyclability, vehicle safety and insur- 
2i ability, and other relevant considerations, as such factors and 

22 considerations particularly apply to or affect vehicles with 

23 electric or hybrid propulsion systems. Such standards and 

24 criteria are to be developed and determined utilizing the best 

25 current state-of-the-art and utilizing the state-of-the-art that 
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1 would be projected to result from the research and develop- 

9 ment program described in section 6. These performance 

3 standards and criteria shall be revised periodically as the 

4 state-of-the-art improves. In developing such standards and 

5 criteria, the Administrator shall consult with appropriate 

6 authorities concerning design needs for electric and hybrid 

7 vehicles compatible with long-range urban planning, traffic 

8 management, and vehicle safety. 

. 9 (2) Before entering into contracts for the production of 

10 vehicles under subsection (a) (3), the Administrator shall 

11 transmit to the Speaker of the House of Representatives and 

12 the President of the Senate and to the Committee on Science 

13 and Technology of the House of Representatives and the 

1 4 Committee on Commerce of the Senate a full and complete 

15 statement of the standards and criteria developed under 

16 paragraph (1) as revised and currently in effect. 

Yj (c) The Administrator shall make such arrangements as 

lg may be necessary or appropriate — 

jg (1) for the introduction of the electric and hybrid 

2Q vehicles produced under subsection (a) into the vehicle 

2i fleets of State and local governments and Federal agen- 

22 cies ; 

23 (2) for the introduction of such vehicles into indi- 

24 vidual and business use, including farms, with the indi- 

25 viduals and businesses involved being chosen by an 
equitable process (such as a lottery in each region or 
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1 category) and being given the option of purchasing or 

2 basing such vehicles under terms and conditions which 

3 will insure their widespread use; 

4 (3) for the evaluation of electric and hybrid vehicle 

5 performance and of consumer reaction to electric and 

6 hybrid vehicles in use; 

7 (4) for demonstration maintenance projects 
S (including maintenance organization and equipment 
9 needs), and model training projects on maintenance 

10 procedures; and 

11 (5) for the dissemination of data on electric and 

12 hybrid vehicle safety and operating characteristics (in- 

13 eluding nontechnical descriptive data made available 

14 through the Government Printing Office) to State and 

15 municipal consumer affairs agencies and groups, and 

16 i Federal, State, and local farm and rural agencies aud 

17 groups. 

18 (d) Every contract entered into pursuant to this soc- 
io lion shall be subject to the provisions of the Buy American 

20 Act (41 U.S.C. 10a through lOd) and contain the provi- 

21 sion required by the Act for public works. 

22 USE OF ELECTRIC AND HYBRID VEHIOLES BY FEDERAL 

23 AGENCIES 

24 Sec. 8. The United States Postal Service, the Gen- 

25 eral Services Administration, the Secretary of Defense, 
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1 and the heads of other Federal agencies shall arrange (or the 

•?. introduction of electric and hybrid vehicles into their fleets 

3 as soon as possible. For competitive procurement purposes 

4 in purchasing such vehicles, life cycle costing and the bene- 

5 ficial emission characteristics of electric and hybrid vehicles 

6 shall be fully taken into account. In any case where (as 

7 determined by the head of the agency involved) electric or 

8 hybrid vehicles are practical but are not economically com- 
y petitive with conventional vehicles, the Administrator may 

10 pay the incremental cost of the electric or hybrid vehicles 

11 (as part of the demonstration program under section 7} to 

12 insure that the maxim urn number of electric and hybrid 

13 vehicles are placed in use by Federal agencies. 

14 INCENTIVES AND ASSESSMENTS 

15 Sec. 9. (a) The Administrator shall conduct a study 

16 to determine the existence of any tax, regulatory, traffic, 

17 urban design, rural electrical and other institutional factors 

18 which tend or may tend to bias surface transportation systems 

19 toward vehicles of particular characteristics, and shall report 

20 the results of such study to the Congress within one year after 

21 the date of the enactment of this Act 

22 (b) The Administrator shall conduct a continuing 

23 assessment of the long-range materials demand and pollution 

24 effects which may result from or in connection with the 

25 electrification of urban traffic, and shall include a statement 

26 of his current findings in each report submitted under section 
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1 12. Any environmental impact statement which may be filed 

2 under s Federal law with respect to research, development, 

3 or demonstration activities under ihis Act shall include refer- 

4 enec to the matters which arc subject to assessment under 

5 this subsection. 

6 (c) In carrying out his functions tinder this Act, the 

7 Administrator shall perform or cause to be performed studies 

8 and research on incentives to promote broader utilization and 

9 consumer acceptance of electric and hybrid vehicle tech- 

10 oologies. 

11 (d) The Secretary of Transportation shall conduct a 

12 study on the current and future applicability of safety stand- 

13 ards and regulations to electric and hybrid vehicles and shall 
** report the results of such study to the Administrator and to 
*■* the Congress within two hundred forty days after the date 

16 of the enactment of this Act. 

17 ENCOURAGEMENT AND PROTECTION OP 8MALL BUSINESS 

18 Sec. 10. (a) In carrying out his functions under this 

19 Act, the Administrator shall take steps to assure that small 

20 business concerns and qualified individuals will have realis- 

21 tin and adequate opportunities to participate in the program 

22 u nder this Act to the maximum extent possible. 

23 (b) To assist in accomplishing the objective of sub- 

24 section (a), the Administrator shall reserve for contracts 
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1 with small business concerns a reasonable portion of the 

2 funds made available pursuant to this Act for purposes of 

3 section 7 (a) . 

4 (c) In addition, the Administrator — 

5 ( 1 ) shall include in all contracts under section 7 (a) 

6 such terms, conditions, and payment schedules as may 

7 assist in meeting the special needs of small business con- 
g cerns, and shall take steps to avoid the inclusion in such 
9 contracts of -any terms, condition, or penalties which 

10 would tend to prevent such concerns from participating 

H in the program under this Act; and 

12 (2) shall make planning grants available to qitali- 

13 fied small business concerns which require assistance in 

14 developing, submitting, and entering into such contracts. 

15 LOAN GUARANTIES 

16 Sec. 11. (a) It is the policy of the Congress to encour- 

17 age and assist in the commercial development of electric and 

18 hybrid vehicles, and to ensure that small businesses are not 

19 excluded from participation in such development due to lack 
2q of adequate capital. Accordingly, it is the policy of the Con- 
2i gress to provide guaranties of loans made for such purposes. 

22 (h) In order to encourage the commercial production 

23 of electric and hybrid vehicles, the Administrator is author- 

24 ized to guarantee, and to enter into commitments to guaran- 

25 tee, lenders against loss of principal or interest on loans made 
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1 by such leaders to qualified borrowers, primarily small busi- 

2 ness concerns, lor the purposes of — 

3 (1) research and development related to electric 

4 and hybrid vehicle technology ; 

5 (2) prototype development for such vehicles and 

6 parts thereof; 

7 (3) construction of capital equipment related to 
S research on and development and production of electric 
9 and hybrid vehicles and components; or 

10 (4) initial operating expenses associated with the 

11 development and production of electric and hybrid ve- 

12 hides and components. 

13 (c) Any guaranty under this section shall apply only 

14 to so much of the principal amount of the loan involved as 

15 does not exceed 90 per centum of the aggregate cost of the 
" activity with respect to which the loan is made. 

17 (d) Loan guaranties under this section shall be on such 

18 terms and conditions as the Administrator determines, except 

19 that a guaranty shall be made under this section only if — 

20 (1) the loan bears interest at a rate not to exceed 

21 such annual per centum on the principal obligation out- 

22 standing as the Administrator determines to be reason- 

23 able, taking into account the range of interest rates pre- 

24 vailing in the private Bector for similar loans and risks 

25 by the United States; 
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1 (2) the terms of such loan require full repayment 

2 over a period not to exceed fifteen years; 

3 ' (3) in the judgment of the Administrator, the 

4 amount of the loan (when combined with amounts 

5 available to the qualified borrower from other sources) 

6 will be sufficient to carry out the activity with respect 

7 to which the loan is made ; and 

8 (4) in the judgment of the Administrator, there is 

9 reasonable assurance of repayment of the loan by the 

10 qualified borrower. 

11 (e) The amount of the guaranty of any loan for any 

12 single qualified borrower shall not exceed $3,000,000; and 

13 the aggregate amount of guaranties outstanding under this 

14 section at any one time shall not exceed $60,000,000. 

15 (f) As used in this section, the term "qualified bor- 

16 rower" means any partnership, corporation, or other legal 

17 entity which (as determined by the Administrator) has 

18 presented satisfactory evidence of an interest in electric or 

19 hybrid vehicle technology and is capable of performing 

20 research or completing the development and production of 

21 electric or hybrid vehicles or any components thereof in an 

22 acceptable manner. 

23 (g) (1) With respect to any loan guaranteed pursuant 

24 to this section, the Administrator (subject to section 13 (c) ) 

25 is authorized to enter into a contract to pay, and to pay, the 
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^ lender for and on behalf of the borrower the interest charges 

2 which become due and payable on the unpaid balance of any 

3 such loan if the Administrator finds — 

4 (A) that the borrower is unable to meet interest 

5 charges, that it is in the public interest to permit the 
g borrower to continue to pursue the purposes of his 
7 project, and that the probable net cost to the Federal 
g Government in paying such interest will be less than 
g that which would result in the event of a default ; and 

10 (B) the amount of such interest charges which the 

11 Administrator is authorized to pay shall be no greater 

12 than the amount of interest which the borrower is obli- 
U gated to pay under the loan agreement 

14 (2) In the event of any default by a qualified borrower 

15 on a guaranteed loan, the Administrator is authorized to 

16 make payment in accordance with the guaranty, and the Atr 

17 torney General shall take such action as may be appropriate 

18 to recover the amounts of such payments (including any pay- 

19 ment of interest under paragraph (1) ) from such assets of 

20 the defaulting borrower as are associated with the activity 

21 with respect to which the loan was made or from any other 

22 surety included in the terms of the guaranty. 

23 (h) No loan guaranties shall be made, or interest assist- 

24 ance contracts entered into, pursuant to this section, after 
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2 the expiration or the 5-calendar-year period foil owing the 

2 date of the enactment of this Act 

3 (i) An applicant for a loan guarantee must be a citizen 

4 or national of the United States. A corporation, partnership, 

5 or association shall not be deemed a citizen of the United 
g States unless the Administrator determines that it satis- 
7 faotorily meets all the requirements of section 802 of title 46, 
g United States Code, for determining the United States 
g citizenship of such entities operating a vessel in the coastwise 

10 trade. 

IX BBPOBTS TO CONGRESS 

12 Sbo. 12, The Administrator shall submit to the Oon- 

13 gress semiannually a report on all activities being under- 

14 taken or carried out pursuant to the provisions of, this Act, 

15 including (1) such projections and estimates as may be 

16 necessary to evaluate the progress of the program under this 

17 Act and to indicate the extent to which and pace at which 

18 the objectives of this Act are being achieved, and (2) a 

19 statement of the extent to which imported automobile chassis 

20 or components are being used, or are desirable, for the pro- 

21 duction of vehicles under section 7 (a) , and of the extent 

22 to which restrictions imposed by law or regulation upon the 

23 importation or use of such chassis or components are im- 

24 peding the achievement of the purpose of this Act. Each 
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1 such report shall also include any recommendations which 

2 the Administrator may deem appropriate for legislation or 

3 related action which might farther the purposes of (his Act 

4 APPROPRIATIONS AND APPROPRIATION ACTS 

5 Sec. 13. (a) There are authorized to be appropriated 

6 to the Administrator to carry out this Act (including the 

7 payment of loan guaranties and interest under section 11) 

8 not to exceed $10,000,000 for the fiscal year 1976, and the 

9 three-month transition period immediately following, not to 

10 exceed $40,000,000 for the fiscal year 1977, not to exceed 

11 $30,000,000 for the fiscal year 1978, not to exceed $60,- 

12 000,000 for the fiscal year 1979, and not to exceed $20,- 

13 000,000 for the fiscal year 1980. Any amount appropriated 

14 pursuant to this section shall remain available until expended, 

15 and any amount authorized for any fiscal year (or period) 

16 prior to the fiscal year 1980 but not appropriated may be 

17 appropriated for any succeeding fiscal year through the fiscal 

18 year 1980. 

19 (b) Any moneys received by the Administrator from 

20 vehicle sales or leases (or other activities) under this 

21 Act may be retained and used by him in carrying out this 

22 Act, notwithstanding the provisions of section 3617 of the 

23 Revised Statutes (31 U.S.C. 484), and may remain avail- 

24 able until expended; but the amount authorized to be appro- 
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1 printed for any fiscal year (or period) under subsection (a) 

2 shall be reduced by the amount of the moneys to be so 

3 received in that year (or period) . 

4 (c) The authority of the Administrator to enter into 

5 contracts under section 7 (a) or section 11 (g) (1) shall be 

6 effective for any fiscal year (or period) only to such extent 

7 as is provided in appropriation Acts. 

Passed the House of Representatives September 5, 1975. 
Attest: W. PAT JENNINGS, 

Clerk. 
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Kaxsoxu. Am«v*Ai7Tics in Stack Abmlh BRUinc 

FliMMtw, D.r, Jnty «J, /»?£ 

CUwmm, CMMiHw em Cnuwrm. CS. Seawre. TMikufM. D.C. 

Pcas MM. Cbiiwit: This to in farther reply to yowr request for H*wi»wt> 
erf the NttKWl Aeronautic* and Space Administration on tbe bills S. MB and 
BLR. 8800 "To aotaorine in the Energy B a wrt and Development Adatfntetn- 
tiou a Federal program of ilmu A, developnie'nt. and demonstration designed to 
promote electric lehlde technologies and to demonstrate the commercial feast- 
bility of electric vehicles" 

The bill wooM direct KRDA to conduct a specialised program for promoting 
the terhnwloglea and demonstrating tbe commercial feaatoUity of urban electric 
vehicles for individual and badness nae by establishing an organisational en- 
tity within KRDA known as the- ESeeUie Vehicle Re s earc h , Development and 
Demonstration Project. KRDA would bare overall management of the project 
bat would be authorised to enter into agreements with other federal agencies, 
including NASA, as is necessary or appropriate for the conduct of the project. 

KRDA would hare tbe specific responsibiUtj for promoting basic r e s ta r ch on 
electric vehicle batteries, controls, and motors; determining optimum overall 
vehicle design; conducting feasibility demonstrations; ascertaining consumer 
needs and desires; and ascertaining changes in road design, urban planning, 
maintenance facilities, utility rate structures and tax poUdea which would be 
needed to facilitate the manufacture and use of electric vehicles. 

NASA has done extensive work in areas of technology relevant to electrical 
vehicle development. These areas Include, for example, batteries, electric control 
systems, electric motors, materials, lightweight structures, etc. All of these 
technologies were employed in the development of the lunar roving vehicle, which 
had the characteristics of both a spacecraft and an electric vehicle. As an ex- 
ample of our current involvement In urban electric vehicle technology, NASA Is 
funding a small demonstration of the application of nickel-sine batteries in 
postal service vehicles. Also, KRDA and NASA have just recently signed a 
Memorandum of Understanding under which we hope to cooperate closely with 
ERDA in this and other areas of mutual interest. 

Since ERDA would be the agency primarily responsible for the conduct of the 
project envisioned by S. 1632, NASA defers to ERDA for substantive comments 
on the desirability or the need for that bill. 

The Office of Management and Budget has advised that, from the standpoint 
of the Administration's program, there is no objection to the submission of this 
report to the Congress. 
Sincerely, 

Gerald D. Qbiffin, 
Assistant Administrator 

for Legislative Affairs. 

General Counsel of the Department of Commerce, 

Washington, D.C., September 9, 1975. 
Hon. Warren G. Maqnuson, 
Chairman, Committee on Commerce, U.S. Senate, Washington, D.C. 

Dear Ma Chairman : This letter is In response to your request for the views 
of this Department on S. 1632, a bill to authorize in the Energy Research and 
Development Administration a Federal program of research, development, and 
demonstration designed to promote electric vehicle technologies and to demon- 
strate the commercial feasibility of electric vehicles. 

This bill proposes that the Administrator of the Energy Research and Develop- 
ment Administration establish as an organizational entity within that agency 
the Electric Vehicle Research, Development and Demonstration Project. The 
overall management of this project would be the responsibility of the Admin- 
istrator who would promote basic research on all aspects of electric vehicles*, 
determine optimum electric vehicle design ; demonstrate through Government 
and private users the commercial feasibility of electric vehicles ; and ascertain 
the long-term changes in road design, urban planning, traffic management, 
maintenance facilities, utility rate structures, and tax policies needed to facili- 
tate the manufacture and use of electric vehicles. 
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The bill provides that appropriations totaling $1.2 million will fund the three 
year research and development project. The Administrator 1b allotted specific 
time periods in which to produce "significant numbers" of electric vehicles and 
to develop performance standards and criteria for private and commercial electric 
vehicles. The Administrator would also arrange for actual test use of electric 
vehicles In the fleets of Federal, state, and local governments and by various in- 
dividuals and businesses. In addition, the Administrator would be charged with 
the responsibility of studying various Incentives which might be used to en- 
courage use of electric vehicles and to make certain assessments as to the results 
of electric vehicle use. Periodic reports on the overall activities, internal evalua- 
tions, and progress of the project would be submitted to Congress. 

This Department, while supporting the fundamental concept that development 
of more desirable alternative forms of Individual and commercial transportation 
should be an on-going process, opposes enactment of this bill In its present form. 

The major premise of this bill Is that direct Federal supervision of a mbjor 
program of research and development will expedite the substitution of an electric 
vehicle for the conventional modes of Individual and commercial transportation. 
While the Government can decidedly play an Important role In exploring t$e 
feasibility of electric vehicles, it must be recognized that private Industry already 
has substantial experience in this area and continues to exert great efforts in 
the development of practical electric vehicle transportation. 

The development of a completely new vehicle for mass production is a task of 
monumental proportions requiring great sums of money and years of develop- 
ment Considerable progress has been made by private industry In the overall 
development of electric vehicles, but an area of particular need for advancement 
Is energy storage technology. 

It would be inappropriate for the Government to assume a direct managerial 
or supervisory role In a massive electric vehicle development project such as is 
proposed in this bllL Rather, Government participation should be limited to 
funding of battery technology research and development. Furthermore, such fund- 
ing should be on a selective basis; that is, an attempt should be made to avoid 
duplicating the efforts In battery technology development of both private Industry 
and Federal instrumentalities such as the Postal Service, General Services Ad- 
ministration, and the Energy Research and Development Administration. 

We have been advised by the Office of Management and Budget that there would 
be no objection to the submission of our report to the Congress from the stand- 
point of the Administration's program. 
Sincerely, 

B. Pabhette, 
Deputy (lateral Counsel. 



Hon. Wabsen G. Magnubon, 
Chairman, Committee on Commerce, 
V.8. Senate, Washington, B.C. 

Deab Mb. Chaibman : Reference Is made to your letter dated June 2, 1975, 
requesting our comments concerning S. 1632, 94th Congress, a bill which, If 
enacted, would be cited as the "Electric Vehicle Research, Development, and 
Demonstration Act of 1976." The stated purpose of the bill Is to authorise 
In the Energy Research and Development Administration (ERDA) a Fed- 
eral program of research, development and demonstration designed to pro- 
mote electric vehicle technologies and demonstrate the commercial possibility 
of electric vehicles. 

We note that in enacting the Energy Reorganization Act of 1974 (Act), ap- 
proved October 11, 1974, Pub. L. No. 93-438, 88 Stat. 1233, the Congress declared 
its purpose to be : 

"Sbc. 2. (a) • • • the general welfare and the common defense and security 
require effective action to develop, and increase the efficiency and reliability of 
use of, all energy sources to meet the need* of present and future generation*. 
to Increase the productivity of the national economy and strengthen Its position 
In regard to international trade, to make the Nation self-sufficient In energy, to 
advance the goals of restoring, protecting, and enhancing environmental quality, 
and to assure public health and safety. 
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"(b) The Congress Bads that, to best achieve these objectives. Improve Goverat- 
ment operations, and Hi«ra the coordinated and effeetire development •/ alt 
energy moareet, it is wwearj to establish in Energy Research and Development 
Administration to brine together and direct Federal activities relating to W IH W> 
and development on the various sources of energy, to increase the efficiency and 
reliability In the one of energy, and to carry out the performance of other func- 
tions. Including but not limited to the Atomic Energy Commission's military and 
production activities and its general basic research activities. In establishing 
an Energy Research and Development Administration to achieve these objec- 
tives, the Vongren* intend* that aU possible tonrce* of exert* *a developed con- 
sistent Kith warranted prioritiet." (Italic, supplied.) 

It is clear, therefore, that in establishing rrda the Congress intended that 
it possess broad authority to address the Nation's energy problems and, further, 
that it possess the flexibility to weigh all research and development alternatives 
to assure coordinated and effective development of all energy sources consistent 
with warranted priorities. While the bill would vest responsibility for develop- 
ing electric vehicle technology in KRDA, It would also limit the flexibility of 
ERDA to make determinations regarding research and development after care- 
fully considering and weighing all the alternatives. It is the belief of this Office 
that the enactment of specific legislation which favors selected energy research 
and development programs serves only to reduce the range of options available 
to EBDA in making its research and development determinations. 

Section 6(a) of the bill directs the Administrator of ERDA to establish an 
organisational entity within EBDA to be known as the Electric Vehicle Research, 
Development, and Demonstration Project. With the exception of certain Upper 
echelon positions in ERDA prescribed by section 102 of the Act and the transfer 
of certain entities established by law la the Atomic Energy Commission pro- 
vided for by section 104(d) of the Act, section 106(d) of the Energy Reorganisa- 
tion Act of 1974 grants the ERDA Administrator the authority to organise ERDA 
as he may deem necessary or appropriate. The Committee may wish to reconsider 
the advisability of Impinging on this flexibility. 

We note that section 6(b) of the bill would authorise the Administrator of 
ERDA to enter Into such arrangements and agreements with various Federal 
offices and agencies as he may deem necessary or appropriate for the conduct 
by them of parts or aspects of the project which are within their particular 
competence. Section 104(1) of the Energy Reorganisation Act of 1974 already 
directs the Administrator of ERDA to utilise to the fullest extent he may deter- 
mine advisable with their consent the technical and management capabilities of 
other executive agencies having facilities, personnel, or other resources which 
can assist or advantageously be expanded to assist In carrying out such responsi- 
bilities. Pursuant to this provision, cooperation with NASA has already been ac- 
complished by an agreement signed June 23, 1975, whereby NASA would assist 
ERDA in three broad areas, one of which Is ground propulsion technology. Thus 
the Committee might wish to consider the deletion of section 5<b) of the bill as 
being unnecessary. 

Section 7(b) of the bill would require that the Administrator develop perform- 
ance standards and criteria which are suitable for the needs of urban private 
passenger vehicles and urban commercial vehicles within ISO days of enact- 
ment of the bill. Based upon the criteria and standards established, the Ad- 
ministrator would be required by section 7(a) of the bill to enter into contracts 
(1) for the production within 18 months of the bill's enactment of significant 
numbers (defined as 6,000 or more by section 4(4) of the bill) of vehicles which 
have electric propulsion systems on conventional chassis, and (2) for the pro- 
duction within 3 years of the bill's enactment of significant numbers of vehicles 
which are specifically designed for electronic propulsion systems as the primary 
power source. The ISO day limitation placed upon the Administrator by section 
7(b) may not allow sufficient time to develop criteria and standards which may 
nave to be coordinated with other executive agencies, and to publish such stand- 
ards and criteria for necessary public discussion. We also believe that there is 
insufficient time for the other elements of the demonstration program to be ac- 
complished within the 18 mouths and 3 year's time constraints established by 
this bill. 

Finally, section 12 of the bill would authorize appropriations In amounts not 
to exceed $40 million for each of the 3 fiscal years 1976, 1977 and 1976. Funds 
authorized for the first 2 years but not appropriated may be appropriated for any 
succeeding fiscal year through the third year. The bill authorizes these appro- 
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priations without fiscal year limitation. Appropriations for the regular opera- 
tions of a department, other than for construction and other capital needs, have 
traditionally been authorized on an annual basis, and we call the Committee's 
attention to section 253 of the Legislative Reorganization Act of 1970 which pro- 
vides that each standing Committee in its consideration of bills shall endeavor 
to insure that all continuing programs and activities of the Federal Government 
are carried on with annual appropriations to the extent consistent with the 
objectives of those programs and activities. 
Sincerely yours, 

Robebt F. KCLLKB, 

Deputy Comptroller General, 

of the United State/,. 

U.S. Postal Service, 

Law Department, 
Washington, B.C., October 8, 1075. 
Hon. Wakbek G. Magncson, 
Committee on Commerce, UJ!. Senate, 
Washington, D.C. 

Dear Mb. Chairman : This responds to your request for comments on H.R. 6800 
and 8. 1632, proposals relating to the development of new energy-saving vehicles. 

S. Con. Res. 37 would encourage the Secretary of Transportation to establish 
a program of research to develop a more energy-efficient passenger automobile. 
While the Postal Service does use some passenger automobiles, they comprise a 
very small portion of the postal vehicle fleet. Of course, we would appreciate 
the opportunity to take advantage, to the extent of our needs for passenger cars. 
of new technology that would improve energy- and pollution-saving performance 
in an economically feasible manner. However, since Postal Service activity In the 
area of passenger car technology is minimal, we defer to the views of the De- 
partment of Transportation with respect to the need for the proposed resolution. 

S. 1632 and H.R 8800 would each authorize a Federal program of research, 
development and demonstration designed to promote general electric vehicle 
technologies and to demonstrate the commercial feasibility of electric vehicles. 
This program would be coordinated in the Energy Research and Development 
Administration (ERDA). 

Section 8 would require the Postal Service and other agencies to Introduce 
electric vehicles into their fleets as soon as possible. The competitive position of 
electric models for procurement purposes would be required to reflect life-cycle 
costing and emission performance. Where the Postal Service or any other Fed- 
eral agency determined that electric vehicles would be practical from a general 
performance standpoint but would not be economically competitive with conven- 
tional vehicles, the ERDA Administrator would be authorized to pay the Incre- 
ment necessary to make the electric vehicles fully competitive, as part of a 
demonstration program provided for under section 7. 

In recent years, the Postal Service has undertaken a number of experimental 
projects to develop energy-saving alternatives to conventional vehicles used for 
mall delivery. In April of 1974, we entered Into a procurement through the Gen- 
eral Services Administration for a total of 352 light delivery electric vehicles, 
produced by the AM General Corporation. These vehicles generally are counter- 
parts of our ^i-ton light delivery Internal-combustion jeep-type vehicles, which 
presently cost about $3,100 each, compared to the approximately $5,700 paid for 
each of the electric vehicles. We are now about to begin field operational test- 
ing, primarily In the southern California area, as the first deliveries under the 
contract become available. 

Provided that the first 352 vehicles are successful from a cost and performance 
standpoint, we have additional plans to procure perhaps 1000 more electric ve- 
hicles late in fiscal year 1876. In all, we presently have approximately 89,100 
14-ton light delivery vehicles in our fleet. We are in the midst of a long term 
procurement contract with AM General for conventional gasoline-fueled vehicles. 
That contract provides for options to purchase additional vehicles should the 
requirement exist. Late in Fiscal Year 1977, we will be facing another large scale 
procurement. At that time we will have sufficient cost data to determine how 
much of that purchase should be in electric vehicles. We have sufflcii'nt routes 

table to electric vehicle use to enable us to employ more of such vehicles should 
1 Ir use prove economically feasible. 
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Sufficient supportable comparative data with respect to life-cycle costs were 
not available to enable us to take those considerations into account in procuring 
the electric vehicles we are now receiving. However, we are hopeful that our 
experience with these new vehicles within six or seven months after they are 
placed Into operation will permit reasonable projections of life-cycle costs at 
the time of our next planned electric vehicle procurement in late FY 1976. Such 
estimates should enable us to have a better view of the comparative total eco- 
nomic costs of electric and conventional vehicles than is provided by comparing 
their initial purchase prices. We are confident that electric vehicles win be 
shown to permit significant energy savings in certain applications such as postal 
delivery routes requiring frequent stops and we believe that they are potentially 
good economic Investments when used under appropriate conditions. 

Since the Postal Service has decided that our particular needs justify an ex- 
perimental program of electric vehicle purchases financed entirely from postal 
funds. It would appear that the need for legislation establishing a compulsory 
government program financed In part through BRDA subsidies should depend 
primarily on the need for such a program covering other agencies and the prirate 
sector. Accordingly, we defer, with respect to the merits of this particular legis- 
lative proposal, to the views of other Interested agencies. We will be pleased in 
any case to work with ERDA in connection with our electric vehicle program 
and would welcome BRDA funding, if it is decided that it should be made avail- 
able, to the extent that additional electric vehicles that would meet our needs 
cannot yet be shown to be economically competitive with conventional vehicles. 

In the next few months we will have significant cost and operational data de- 
veloped regarding electric vehicles and we, of course, would be pleased to make 
our data available to ERDA or any other interested agency. 
Sincerely, 

W. Allen Sandebs, 
Assistant General Counsel, 

Legislative Division. 

u.s. en viron mental protection agency, 

Office of the Administrator, 
Washington, D.G., October 20, 1915. 
Hon. Frank E. Moss, 

Chairman, Subcommittee for Consumers, Committee on Commerce, (7.8. Senate, 
Washington, D.C. 

Deab Senator Moss ; This Is in response to your letter of September 19, 1876, 
concerning S. 1632 and H.R. 6800, both entitled "Electric Vehicle Research, De- 
velopment, and Demonstration Act of 1975." 

The underlying purpose of both of these hills is to demonstrate the commercial 
feasibility of electric vehicles for individual and business use. and to encourage 
research and development In new technologies for electric vehicles with wider 
application. Authority under both bills would be vested in the Energy Research 
and Development Administration (ERDA). 

Under both bills, the Administrator of ERDA would be required to initiate and 
provide for the conduct of research and development in areas related to electric 
vehicles, Including (1) energy storage technology, Including batteries and their 
potential for convenient recharging; (2) vehicle control systems and overall 
design for energy conservation, including the use of regenerative braking; (3) 
urban design and traffic management for optimum transportation-related energy 
use and minimum transportation-related degradation of the environment; and 
(4) vehicle design for maximum practical lifetime, ease of repair, and lnter- 
changeablllty and replaceablllty of parts. 

Both bills contain provisions for the demonstration of the feasibility of elec- 
tric vehicles and for standards of performance. 

Under H.R. 8800 the Administrator of ERDA would be required to establish 
a three-stage program for the purchase of electric vehicles: 

(1) Within one year contracts would be entered into for a "reasonable num- 
ber" of electric vehicles to demonstrate the current state-of-the-art ; 

(2) Within 15 months contracts would be entered Into for 2500 vehicles meet- 
ing the Initial specified performance standards ; and 

(3) Within 42 months contracts would be entered into for 5,000 vehicles meet- 
ing improved performance standards. 

Under S. 1632, a two-step demonstration program is provided : 
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(1) Within 18 months contracts would be entered into for "significant num- 
bers" (defined as 6,000 or more) of vehicles with electric propulsion system on 
conventional chassis ; and 

(2) Within three years contracts would be executed for "significant num- 
bers" of vehicles which are specifically designed for electric propulsion as the 
primary source. 

This bill also provides for performance standards for the above two types of 
vehicles. 

Identical provisions in both bills provide for: (a) the introduction of such 
electrical vehicles into the vehicle fleets of government agencies at all levels and 
individual and business use, (b) the evaluation of performance and consumer 
reaction, (c) model training projects on maintenance procedures, and (d) dis- 
semination of data on safety and operating characteristics. 

Similar provisions In the bills would require the Administrator of ERDA to 
(1) conduct a study and report to Congress within six months on the existence of 
any tax, regulatory, traffic, urban design and other institutional factors which 
might bias transportation systems toward vehicles of particular characteristics 
(H.R. 8800 expands this to Include a study of rural effects) ; (2) conduct a con- 
tinuing assessment of long-range materials demand and potential pollution effects 
of electrification of urban traffic ; and (3) have studies made on incentives to pro- 
mote broader utilization and consumer acceptance of electric vehicle technologies. 
In addition, under H.R. 8800 within 240 days the Secretary of Transportation 
would be required to conduct a study on the applicability of safety standards. 

Both bills contain provisions for the encouragement and protection for the 
participation of small businesses, and for semi-annual reports to Congress. 

Three new elements are introduced In H.R. 8800: 

(1) Hybrid vehicles. — Hybrid vehicles are included throughout the bill in 
addition to vehicles powered solely by electric engines ; 

(2) Rural application.— The potential of electric vehicles for use in agriculture 
and In rural areas Is added ; and 

(3) Loan guarantees. — To encourage participation by small business, loan 
guarantees would be available for purposes and under conditions set forth in the 
bill. 

Authorizations for appropriations total $120 million for a three-year period 
under S. 1632 and $160 million for a five-year period under H.R. 8800. 

The questions enclosed with your letter of September 19 related to specific 
aspects of these bills. Inasmuch as ERDA, the Department of Transportation, 
and the Department of the Treasury have the primary expertise in the areas of 
energy development, transportation, and finance, we defer to these agencies 
with regard to your specific questions. We do, however, have comments on a 
number of issues concerning this legislation. 

We endorse the goal of developing energy -efficient and non-polluting means of 
transportation. However, we do not believe that this will be accomplished through 
the enactment of either S. 1632 or H.R. 8800 at this time. 

We agree with those proponents of electric vehicles who are concerned that 
"premature" demonstration of such vehicles may lead to a negative public recep- 
tion. For instance, If the currently available vehicles fall short of public expec- 
tations for urban and rural use, the long-run potential of this mode of trans- 
portation may never be realized. 

Knowledge gained from our authorities under the Clean Air Act indicates 
that the major limiting factor on the use of electric vehicles is the current Inade- 
quacy of storage batteries. We, therefore, believe that the primary Federal 
research effort should focus on the development of a battery with sufficiently 
high power and energy density to provide adequate vehicle range and road 
performance. The development of motors, chassis, controls, and other components 
at the vehicle could, and should, be left to industry. As you know, the AAPS 
program (research, development, and demonstration of alternative automotive 
power systems) under the Clean Air Act was transferred to ERDA in January 
of this year. 

Although there 1b some disagreement among Independent analysts and electric 
car enthusiasts, EPA has concluded that electric vehicles constructed with 
existing technology cannot provide the types of transportation services which 
privately-owned automobiles are excepted to perform In an energy efficient 
manner. An exception to this would be applications such as milk delivery trucks, 
which encounter numerous stops and starts and relatively extended periods of 
engine idling. 
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Sincerely yours, 



ItoiKlMEtl OF THE ilMI, 

Wuhiafton. D.C .VorcMacr 10, l$7S. 
Hon. Warmo* G. mUsxubo!!. 
Chairman, Committer on Commerce, V.8. Senate, ITaantnfroa. D.C. 

Dun Mil Cniiuix : Reference is made to you r request to the Secretary of 
Defense for the views of the Department of Defense on S. 1632. Mth Congress, 
a bill "l'a anthorise in the Energy Reeearcb and Development Ad m iu 1st ration 
a Federal program of re s e a rch, development, and demonstration designed to 
promote electric vehicle technologies and to demonstrate the commercial feasi- 
bility of electric vehicles." The Department of the Army fans been assigned 
responsibility for expressing the views of the Department of Defease on this 
bilL 

The title of the bill slates its purpose. 

Tills bill would provide emphasis In soiling those technological problems 
associated with electric -powered vehicles and wilt encourage industry to pursue 
its application. Inasmuch as enactment of the bill would not significantly affect 
the operations of the Department of Defense, the Department of the Army on 
behalf of the Department of Defense defers to the views of the Energy Research 
and Development Administration as the agency having primary interest In this 

The enactment of this bill will cause no apparent increase In budgetary 
requirements of the Department of Defense. 

This report has been coordinated with the Department of lVfense in accord- 
ance with procedures prescribed by the Secretary of Defense. 

The Office of Management and Budget advises that, from the standpoint of 
the Administration's program, there is no objection to the presentation of this 
report for the consideration of the Committee. 
Sincerely, 

Martin R. Hoffmann, 
Secretory of Ike Army. 

Office of the Secretary of Transportation, 

Gen krai. Co tut ml, 
Washington, D.C, October 7, 1875. 
Hon. Warren G. Maqnuson, 
Chairman, Committee on Commerce, 
U.8. Senate, Washington, D.C. 

Dear Mb. Chairman : This letter Is in response to your request for (ho views 
of this Department on H.R. 8600, an act ! "To authorise In the Energy Research 
and Development Administration a Federal program of research, development, 
and demonstration designed to promote electric vehicle technologies and to 
demonstrate the commercial feasibility of electric vehicles." 
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Section 2 details the economic and environmental findings of Congress and 
suggests a Federal role in promoting development of electric and hybrid vehicles. 
Section 8 states a policy of encouraging RA-D on electric and hybrid vehicles 
with the gosl of Introducing them Into the fleet, and Section 4 defines key terms 
used in the bill. Sections 5 and 6 delegate project management to ERDA and 
define the responsibilities of management and objectives of the project. Section 7 
establishes a timetable for developing performance standards and criteria and 
for production of electric and hybrid vehicles. Section 8 authorizes the Introduc- 
tion of electric and hybrid vehicles into the Federal Government fleets. Section 9 
authorizes the Administrator to conduct research on incentives to promote use 
of electric vehicles and to assess long-range material demand and pollution 
effects which may be caused by electrification of urban traffic, and on the appli- 
cability of safety regulations to such vehicles. Section 10 requires efforts to 
ensure that small business concerns and individuals have adequate opportunity 
to participate in the program. Section 11 authorizes loan guarantees to assist 
the commercial development of electric and hybrid vehicles and sets limits on 
the total amount available to a single qualified borrower. Section 12 outlines the 
contents of the semi-annual reports to Congress. Section 13 authorizes appro- 
priations in the total amount of J160.000.000 for the period through fiscal year 
1080. 

The Secretary's recent statement of national transportation policy noted out 
intention to preserve and maximize the unique contributions of the automobile 
while striving to increase its energy efficiency, economic and socially responsible 
use, and safety. The more intelligent and socially responsible use of automobiles 
is a matter of urgent and continuing concern. 

The Department has been and Is involved in a number of activities that are 
relevant to Issues raised by the act. For several years the Department has con- 
ducted studies and sponsored research related to the energy usage of automotive 
vehicles. Several of these studies have been evaluations of the present and 
potential capabilities of automotive power plants, Including electric propulsion 
systems. The Department's automotive energy efficiency program, while assess- 
ing the improvements in fuel economy that manufacturers ma; make in their 
production vehicles over the coming years, has also supported evaluations of 
high performance batteries and of hybrid engines for cars. The National Highway 
Traffic Safety Administration (NHTSA) is supporting development of automo- 
biles with substantial improvements in safety performance consistent with good 
emissions control and good fuel economy. The Department last year conducted 
with the Environmental Protection Agency a Congresslonally mandated study 
of potential improvements in motor vehicle fuel economy. This year it Is leading 
the Interagency Task Force on Motor Vehicle Goals Beyond 1980. In addition, 
the Secretary is a member of the Low Emission Vehicle Certification Board 
(established by Sec. 212 of the Clean Air Act), which has considered electric 
vehicles exclusively. 

Based on this Specific experience concerning electric vehicles and our experi- 
ence concerning automotive vehicles and their use, we have several observations. 

First, electric vehicles available today are not competitive with conventional 
automobiles for reasons tied to the characteristics of available batteries. The 
low energy and power densities of lead-add batteries pnt rather severe limita- 
tions on the range of electric vehicles, if electric vehicles are ever to be competi- 
tive with beat-engine powered cars, it will be necessary to develop high perform- 
ance batteries. Other special requirements of electric vehicles are relatively 

Second, vehicles which are to be used by a large segment of the motoring 
public must be evaluated in terms of the real requirements the market Imposes 
on those vehicles, as well as the requirements imposed by Federal regulatory 
agencies. Electric vehicles designed for a segment of the automobile market 
should be compared with cars designed for that same market using the technology 
of the spark-ignition engine or using technology that would be available in the 
same time as the advanced battery. 

Third, the potential benefits of electric vehicles appear problematical after 
close objective examination. For example, the overall energy efficiency (miles 
per energy unit) of electric vehicles on a typical urban driving cycle la somewhat 
uncertain but appears to be less than the energy efficiency of a car with spark- 
Ignition engine designed to the same performance levels. Also, the environmental 
benefits are a tradeoff between less hydrocarbons, carbon monoxide, snd oxides 
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of nitrogen produced at street level and more oxides of nitrogen and sulfur pro- 
duced by fossil fueled stationary power plants, or, if nuclear power plants are 
used, these would be other environmental effects. 

Fourth, If large numbers of electric vehicles are to enter the fleet of cars on 
the road, tliej should offer the same minimum degree of safety performance as 
required of conventional vehicles produced in the same year. The occupants of 
electric vehicles would be exposed to much the same hazards as occupants of 
other cars and deserve the same degree of protection. In addition, safety hazards 
associated with the battery must be given adequate consideration to hold the 
risk to the public to levels consistent with normal use of automobiles. 

Fifth, substantial changes would be required in the Infrastructure of sales, 
maintenance, fuel supply, etc., which support automobile use If electric vehicles 
should come Into large scale use. 

With respect to H.B. 8800, we support the concept that ERDA should support 
research and development of batteries for electric vehicles. It Is appropriate 
for ERDA to support the RAD through the exploratory development and ad- 
vanced development phases. It would not be appropriate for ERDA to develop 
advanced batteries to the point of commercial production. Commercial battery 
producers in private Industry should retain that responsibility. 

It is our view that the demonstration of electric vehicles by the Federal Gov- 
ernment is premature by many years considering the maturity of electric vehicle 
technology. Moreover, it Is not at all clear that the public would benefit enough 
from the use of electric vehicles to warrant their demonstration. The effect of 
the demonstration would be to stimulate the electric vehicle market, in effect, 
through an indirect subsidy to the producers of electric vehicles. Electric vehi- 
cles are already being produced for a small market and are being evaluated by a 
variety of users. If people are sufficiently convinced of the value of electric 
vehicles for their purposes, they can obtain the vehicles from suppliers. There 
does not appear to be good Justification at this time for Federal intervention of 
this type In the electric vehicle market. 

It also appears that the timetable set forth in the act for purchase of electric 
vehicles and for the development of criteria may be too short to be carried out 
with effective results. 

For these reasons we believe the demonstration aspects of the act should not 
be supported. 

The Office of Management and Budget has advised that there is no objection 
from the standpoint of the Administration's program to Jhe submission of this 
report for the consideration of the Committee. 
Sincerely, 

John Hart Ely. 

General Counsel 
op the Department of Commerce, 
Washington, D.C., October 9, 1975. 
Hon. Warren G. Maondbon, 
Chairman, Committee on Commerce, 
V.8. Senate, Washington, D.C. 

Dear Mr. Chairman : This letter Is In response to your request for the views 
of this Department on H.R. 8800, an Act bo authorize in the Energy Research 
and Development Administration a Federal program of research, development, 
and demonstration designed to promote electric vehicle technologies and to 
demonstrate the commercial feasibility of electric vehicles. 

This Act proposes that the Administrator of the Energy Research and Develop- 
ment Administration establish as an organizational entity within that agency 
the Electric Vehicle Research, Development, and Demonstration Project. The 
overall management of this project would be the responsibility of the Adminis- 
trator who would promote basic research on all aspects of electric and hybrid 
vehicles ; determine optimum electric and hybrid vehicle design ; demonstrate 
through Government and private users the commercial feasibility of electric and 
hybrid vehicles ; and ascertain the long-term changes In road design, urban plan- 
ning, traffic management, maintenance facilities, utility rate structures, and tax 
policies needed to facilitate the manufacture and use of electric and hybrid 
vehicles. 

The Act provides that appropriations totaling {1.6 million will fond the five- 
year research and development project. The Administrator is allotted three 
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specific time periods in which to produce first « reasonable number of electric 
vehicles for tests and demonstration of current state-of-the-art; then produce 
at least 2,500 electric vehicles with available components and design ; and finally, 
produce at least 6,000 electric and hybrid vehicles with advanced components and 
design. The Administrator is given one year tt> develop Initial performance stand- 
ards and criteria for private and commercial electric vehicles and Is to revise 
these performance standards and criteria periodically as the state-of-the-art im- 
proves. The Administrator would also arrange for actual test use of electric and 
hybrid vehicles in the fleets of Federal, state, and local governments and by vari- 
ous Individuals and businesses Including farms. In addition, the Amlnlstrator 
would be charged with the responsibility of studying various incentives which 
might be used to encourage use of electric and hybrid vehicles and to make 
certain assessments as to the results of their use. The Administrator is author- 
ized to guarantee lenders against loss of principal or interest on loans made to 
electric vehicle developers and manufacturers. Reports are to be submitted semi- 
annually to Congress on all activities being undertaken and carried out pursuant 
to this Act. 

This Department, while supporting the fundamental concept that development 
of more desirable alternative forms of individual and commercial transportation 
should be an on-going process, opposes enactment of this legislation in its present 

The major premise of this Act is that direct Federal supervision of a major 
program of research and development will expedite the substitution of an elec- 
tric vehicle for the conventional modes of individual and commercial transporta- 
tion. While the Government can decidedly play an important role in exploring 
the feasibility of electric vehicles, it must be recognized that private Industry 
already has substantial experience In this area and continues to show great 
interest In the development of practical electric vehicle transportation. 

The development of a completely new vehicle for mass production is a task of 
monumental proportions requiring great sums of money and years of develop- 
ment. Considerable progress has been made by private industry in the overall 
development of electric vehicles, but an area of particular need for advancement 
is energy storage technology. 

It would be inappropriate for the Government to assume a direct managerial 
or supervisory role in a massive electric vehicle development project such as is 
proposed in this Act. Rather, Government participation should be limited to 
funding of battery technology research and development. Furthermore, such fund- 
ing should be on a selective basis ; that is, an attempt should be made to avoid 
duplicating the efforts in battery technology development of both private indus- 
try and Federal instrumentalities such as the Postal Service, General Services 
Administration, and the Energy Research and Development Administration. 

We have been advised by the Office of Management and Budget that there 
would be no objection to the submission of our report to the Congress from the 
standpoint of the Administration's program. 
Sincerely, 

B. Pabbette, 
Deputy General Counsel. 

Depabtment op State, 
Washington, B.C., October 20, 1975. 
Hon. Warren G. Maonuson, 
Chairman, Committee on Commerce, 
U.S. Senate, Washington, D.C. 

Dear Mr. Chairman : Secretary Kissinger has asked me to reply to your 
letter of September 16 requesting the State Department's comments on H.R. 
8800, an act "to authorize the Energy Research and Development Administration 
a Federal program of research, development, and demonstration designed to pro- 
mote electric vehicle technologies and to demonstrate the commercial feasibility 
of electric vehicles." 

The issue addressed In H.R. 8800 is of primary concern to other agencies. The 
Department of State defers to their views. 

The Office of Management and Budget advises that from the standpoint of the 
Administration's program there is no objection to the submission of this report 
Sincerely yours, 

Robert J. McClosket, 
Assistant Secretary for 
Congressional Relations. 
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Department of Agriculture, 

Office of the Secretary, 
Washington, B.C., November IS, 1675. 
Hon. Wabben G. Magnuson, 
Chairman, Committee on Commerce, 
V.S. Senate, Waxhington, D.V. 

Deab Mb. Chairman : This is in reply to your request of September 16, 1975 for 
a report on H.R. 8800, the "Electric Vehicle Research, Development, and Demon- 
stration Act of 1975." 

This Department recommends the bill not be enacted. 

The bill would authorize In the Energy Research and Development Administra- 
tion a Federal program of research, development, and demonstration designed 
to promote electric vehicle technologies and to demonstrate the commercial feasi- 
bility of electric vehicles. We understand that the BRDA authorisation includes 
research, development, and demonstration of electric vehicles. Therefore, this 
bill appears unnecessary. 

The Office of Management and Budget advises that there is no objection to the 
presentation of this report from the standpoint of the Administration's program. 
Sincerely, 

RlCHABD A. ASHWOBTH, 

Deputy Under Secretary. 

Energy Research and Development Admin istbation, 

Washington, D.C., November 18, 1975. 
Hon. Wabben G. Magnuson, 
Chairman, Committee on Commerce, 
V.8. Senate, Washington, B.C. 

Deab Mb. Chairman -. In response to your request for comments on 8. 1632 and 
H.R. 8800, 94th Congress, we are pleased to advise that such comments were pro- 
vided In the testimony of Mr. Austin Heller, Assistant Administrator for Con- 
servation, before the Subcommittee on Science, Technology and Commerce on 
October 10, 1975. The ERDA comments on Senate Concurrent Resolution 37, 94th 
Congress, will be supplied separately. 
Sincerely, 

R. Tenney Johnson, 

General Countel. 

THE General Counsel 
or Houbino and Urban Development, 

Washington, D.C., November 2$, 1975. 
Hon. Wabben G. Magnuson, 
Chairman, Committee on Commerce, 
U.S. Senate, Washington, B.C. 

Deab Mb. Chairman : This is in further reply to your letter requesting the 
views of this Department on H.R. 8800, the proposed "Electric Vehicle Research, 
Development and Demonstration Act of 1975." 

H.R. 8800 would establish in the Energy Research and Development Adminis- 
tration (ERDA) a project for research and development in areas related to elec- 
tric vehicles, and for demonstrations of the feasibility of urban passenger and 
commercial electric and hybrid vehicles. It would also require the introduction 
of electric and hybrid vehicles into the fleets of Federal agencies as soon as 
possible. In addition, H.R. 8800 would direct ERDA to take specified steps to 
assure participation of small businesses in the project, and would authorize 
ERDA to guarantee loans made to small businesses for research and develop- 
ment, construction of capital equipment, and initial operating expenses asso- 
ciated with the development and production of electric vehicles and components. 

The Department of Housing and Urban Development defers to ERDA, as the 
agency which would be responsible for implementing H.R. 8800, with respect to 
whether its provisions are desirable or necessary. With respect to the provision 
regarding introduction of electric and hybrid vehicles Into Federal agency fleets, 
we would also defer to the General Services Administration, the Postal Service, 
and the Department of Defense. 
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The Office of Management and Budget has ml vised that there is no objection 
to the presentation of this report from the standpoint of the Administration's 
program. 

Sincerely, 

Douglas M. Pabkeb. 
Robert It. Elliott. 

United States of America, 
Genebal Sebvices Administration, 

Washington, B.C., February 25, IMS. 

Hon. Warbeh G. Maghuson, 

Chairman, Committee on Commerce, U.S. Senate, Washington, B.C. 

Dear Mr. Chairman : Your letter of September 16, 1975, requested the views 
of the General Services Administration on H.K, 8800, a bill "To authorize in the 
Energy Research and Development Administration a Federal program of re- 
search, development, and demonstration designed to promote electric vehicle 
technologies and to demonstrate the commercial feasibility of electric vehicles." 

Section 7(c) of the proposed bill would require that the Administrator of the 
Energy Research and Development Administration make arrangements for the 
introduction of newly developed electric vehicles Into Federal fleet for demon- 
stration purposes. This provision would probably present no significant problems, 
but the General Services Administration defers to the Energy Research and De- 
velopment Administration as to whether such a demonstration program would 
be useful at this time. 

However, section 8(a) appears to speak in terms of substantial competitive 
procurement for use by Federal agencies, rather than in terms of testing and 
demonstration. From a procurement standpoint this section is inadequate for 
effective Implementation. For example, It requires that in connection with the 
procurement of such vehicles "life cycle costing . . . shall be fully taken into 
account." It would be extremely difficult to determine just what the life cycle 
cost for a new type of vehicle would be. With no prior experience to use as a 
basis for estimates, one would simply have to guess at factors such as mainte- 
nance costs. The section also requires that "the beneficial emission characteristics 
of electric vehicles shall be fully taken into account." Tet the section does not 
clearly indicate what is meant by this provision, nor does It place a dollar value 
on "beneficial emission characteristics" for procurement purposes. 

The section is also confusing inasmuch as it authorizes the Energy Research 
and Development Administration to pay the difference between conventional 
vehicles and the new electric vehicles. This provision implies that we are to 
negotiate contracts for the new vehicles, but the legal authority for such nego- 
tiation remains unclear. 

Therefore, while we defer to ERDA on the overall need for H.R. 8800, we 
would recommend that the above problems be resolved before giving further 
consideration to the bili 

The Office of Management and Budget has advised that, from the standpoint 
of the Administration's program, there Is no objection to the submission of this 
report to your Committee. 
Sincerely, 

(Signed) Kenneth M. Dwbebsteiii, 

Director of Congressional Affair*. 



Senator Moss. We are fortunate, today to have as our lead-off wit- 
ness, Representative Mike McCormack of the State of Washington, 
who is author of H.R. 8800 and was the leader in securing its passage 
in the House. Representative McCormack is chairman of the Science 
Subcommittee of the Committee on Science and Technology. I know of 
no more knowledgeable person in this field than Mike McCormack. He 
is the one authentic real life scientist that we have in the Congress of 
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the United States. For that reason we turn to him very frequently, and 
we are certainly pleased that you are here this morning, Mike. 

You have a prepared statement, which I am glad to place in the 
record in full, and you may have what leeway you need to tell us what 
you think we ought to hear and have in our record about the bills 
before us. 

You are particularly knowledgeable about the House bill, and I 
would like to have you talk about that. You may proceed as you care 



STATEMENT OF HON. HIKE McCOEMACK, U.S. REPRESENTATIVE 
FROM WASHINGTON 

Mr. McOormagk. Thank you. I want to congratulate you on your 
leadership and all the other science-related programs you have been 
working on, I want to say I am very proud to have you as cosponsor 
of the electric vehicle research, development, and demonstration bill. 
I want to express my appreciation to you for inviting me here to 
testify today and to express my support for this program. 

As you know, I was the original sponsor of this legislation in the 
House of Representatives, because I was convinced of the need to 
accelerate the development and demonstration of electric vehicle tech- 
nology, so the people of America could soon have a viable option 
for their personal transportation, which is both energy conserving 
and not dependent on imported oil. 

As we held our hearings on the House side, Mr. Chairman, one of 
the things that became most obvious was the genuine enthusiasm that 
developed among the committee members. Though they entered this 
whole matter rather cautiously, they came out in unanimous support 
of the legislation and enthusiastic in moving it forward as rapidly 
as possible. 

I would like next to talk about a couple of the underlying facets of 
this bill. As you have said, Mr. Chairman, we use more petroleum 
for transportation than anything else. About 40 percent of our petro- 
leum today is imported. It seems likely that we are going to run out 
of petroleum by the end of this century. 

The ERDA national energy plan makes it clear we are headed 
toward an energy economy that will be heavily dependent upon elec- 
tricity, generated by coal and nuclear fission during this century, late 
in the century, perhaps, with support from solar and geothermal 
energy and in the next century from nuclear fusion. 

But what we are doing is taking a positive step to help replace the 
use of petroleum, either domestic or imported, by electricity produced 
from domestic sources. At the same time we are doing something else 
that is terribly important: that is to produce a transportation system 
for this country which not only conserves energy and is cheaper than 
the present system, but which retains the all-important characteristic 
of individual freedom of movement for the individual commuter. 
This is so terribly important, because mass transit, valuable as it is, 
confines the commuter to a fixed course. It deprives him of his liberty. 
The electric vehicle replaces the internal combustion engine, saves 
fuel and still retains the freedom individual Americans regard as 
being so important. 
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I suppose if we had had no energy crisis or if we had not become 
sensitive to pollution problems, the internal combustion engine would 
have remained unchallenged. Now, however, we are faced with the 
recent embargo, the high price on oil and the fact we are running out, 
plus the recognition that automobiles are the major source of 
pollution in our cities. 

Of all the alternatives, electric vehicles appear to be the most 
promising. When considering what ia and what is not being done 
with respect to the energy crisis, and what can and cannot be done, 
and what will have a significant impact in relieving the energy prob- 
lems, we see that some programs have much greater value than others, 
because they will have a significant impact in the near future. As we 
on the Science and Technology Committee have analyzed the energy 
crisis and tried to provide solutions, we tried to pick pressure points 
for a small change in technology that is socially and economically and 
environmentally attractive to reduce the consumption of oil. We 
sought to have pressure points where demand for critical materials 
and fuels, petroleum today or gas in the near future, can be reduced 
specifically as compared with reducing energy consumption in general. 

Switching to electric cars is such a program, particularly for second 
cars, as 40 percent of all the cars in America today are second cars. 
I hope the context of this bill can be kept in that particular light We 
are talking primarily about second cars and specialized delivery vans 
for the immediate future. Electric cars will serve these purposes today. 

More than 50 percent of all the trips, all the driving in this country, 
is 5 miles or less. A recent EPA study showed that 98 percent of all the 
driving of second cars in Los Angeles could be met by electric vehicles 
with a single battery charge per day. And this same EPA report sug- 
gested that in the Los Angeles region 17 percent of all the cars could 
be electric by 1980. 

If we talk about replacing second cars with electric cars, I think it 
is interesting to see what the impact would be. There are 110 million 
cars in this country today and 40 to 50 million of them are second 
cars. We buy about 11 million new cars per year. If we can get to 10 
million electric cars, shall we say, in the 1990 period, then we would 
be saving a half million barrels of petroleum per day. That is 3 to 5 
percent of our domestic production. There is nothing else I know of — 
all the solar and geothermal technologies put together will not accom- 
plish as much. We would save more energy than we would produce 
with solar, if we put 10 percent of all our houses on solar heating 
and cooling. This is really one of three things that we can do imme- 
diately to nave a profound effect, not just through consumer orienta- 
tion, but by actually reducing the demand for petroleum and natural 
gas without seriously altering our lifestyles. One is the introduction 
of electric vehicles, and the other two are improved efficiency in gas- 
oline-powered cars and added insulation to reduce energy consump- 
tion in our homes. 

The other fact, of course, is that we would be actually strengthen- 
ing our whole electric utility system by providing demands during 
the nighttime, thus tending to level the load of the electric utility 
system. 

Still another factor is that electric cars are much cheaper for use, 
in the cities in particular. Not only does an electric car not use energy 
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when it is stopped, but we will soon have technology, that is already 
available, applied to electric vehicles for recovery of electric energy 
for regenerative uses. That is, we may use the braking energy when 
going down hill or stopping to recharge the battery. Today, with cars 
we already have available, we can drive for 40 miles at about 40 miles 
per hour for about 40 cents worth of electricity. That is 10 to 12 kilo- 
watt hours, at 3 to 4 cents per kilowatt hour. So, ev«n where electricity 
is very expensive, operating an electric car is from one-fifth to one- 
third as expensive as operating any car, no matter how cheap it is, 
with an internal combustion engine. Where electricity is cheapest, such 
as in the West or Northwest, it only costs about one-tenth as much to 
drive an electric car as an internal combustion engine. 

Also, we dramatically reduce noise pollution and pollution from 
exhausts in our cities, and remove that to electric generating plants. 
For those plants that use coal, we are making progress in reducing 
pollution from them. Of course, if they are nuclear, there is no pollu- 
tion at all. 

Now, the bill itself, H.R. 8800, as it passed the House, establishes 
a 5-year $160 million program for researcli, development, and demon- 
stration under the ERDA. There are several steps in the program. 
The first is to have ERDA buy several hundred electric cars right 
away, within a year after the bill is passed. First, they would experi- 
ment with these vehicles and establish performance and safety cri- 
teria, and then within 15 months after the bill becomes law, ERDA 
would order 2,500 vehicles, meeting their safety and performance cri- 
teria, for delivery within 27 months. These 2,500 vehicles would then 
be distributed across the country in a series of programs for individual 
owners and fleets — municipalities and so on — for field testing and for 
demonstration to the American people just what electric cars can do. 
All through the last 50 years we have thought about what electric 
cars cannot do. The whole outlook has been, what electric cars can't 
do. They can't rev-up like an internal combustion engine. They are no 
substitute for sex or masculinity, like a high-powered engine is. You 
have to start thinking in terms of what they can do. So the concept 
of the demonstration bill is to demonstrate that electric cars will get 
us from one place to the other. They can provide for most of our com- 
muting. They can replace our second cars. 

Following the 2,500-car program, the cars would be sold after a 
year in the field, sold on some sort of equitable basis and the money 
returned to the Treasury. Two years later, following the research and 
demonstration program, we would buy 5,000 additional cars and do 
the same thing with them. What we are doing here is getting over 
the chicken-egg situation we have. 

Today we have all kinds of people in the country that want electric 
cars. I have a picture of myself here in one of these electric cars we 
had over in front of the Horseshoe one day. If I may digress just 
a moment and comment, we accidently intercepted the Vice President 
when we arrived there with this electric car, and there was a crowd. 
We totally stole the crowd from the Vice President. The Vice Presi- 
dent was totally ignored. 

Driving this and other similar electric cars around the Capitol 
grounds and around L'Enf ant Plaza, I felt that I was in one of those 
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unreal worlds of television commercials where a guy drives a new 
car and comes up to a stop sign and, all of a sudden, people come 
from all directions — "What kind of car is that?" "Where did you 
get itt" "How much does it cost!" "Can I buy one?" Every time I 
came to a stop, I would be inundated by people, people who have their 
hands on it, holding on to the car, holding on to me, wanting to know 
where they could buy an electric car. 

This is the response we were getting. We are trying to give people 
a chance to buy one of these cars. One of the problems we have is 
the need to have an industry out there to make them. This bill will 
not only provide a loan guarantee program to start the industry off, 
but will let that industry know that we are going to buy 2,500 cars 
and then later on another 5,000 cars. They can go ahead and set' up 
their assembly lines and get to work in their normal procedure of 
building and selling cars, realizing that a couple of dozen different 
individual manufacturers across the country are going to be winning 
contracts to sell cars to the government for this demonstration 
program. 

I think this is one of the things that makes it most important. There 
is another facet to this whole demonstration, too. We are all aware of 
the fact that consumer reports in October criticizes electric vehicles 
as being not safe for driving. Of course, it is a matter of perspective. 
I don't think the manufacturers of these new small electric cars ex- 
pected them to be out on the freeways, any more than I did. But it 
is quite clear that we need to have an official agency of the Federal 
Government taking a look at the safety and performance character- 
istics of this car. And this is just exactly what ERDA would do. 

Incidentally, there would be a considerable technology transfer not 
only into the program, but from it. We have all sorts of technologies 
today that are available that have not been used in electric cars yet. 
For instance, there are new electronic controls to dramatically in- 
crease the efficiency and performance of electric cars; they are now 
being used in some new cars in Japan, but they have not yet been 
significantly applied to electric cars in this country. 

On the other hand, the battery technology that is certain to be stim- 
ulated by this program ib going to be extremely valuable in other areas, 
such as wind and solar energy, for example. This is another reason 
why ERDA is the right agency to carry out this program. 

Some people have wondered whether ERDA is the right agency. 
This is a research and development operation going in and coming 
out. As you know, the administration has organized ERDA so it will 
handle energy and transportation programs, including the electric 
car program. Public Law 93-438, the Nonnuclear Energy Research 
and Development Act, which we passed last year, specifically pro- 
vided that ERDA would have Advance Transportation Power Sys- 
tems and, in fact, this year the House has authorized $27.5 million for 
this program in fiscal year 1976. Our electric vehicle bill was, first of 
all I think, skeptically viewed, when I brought it up on the House 
floor. It was unanimously approved by the subcommittee and the 
committee, however, and we worked carefully with ERDA, albeit 
somewhat surreptitiously, because the Office of Management and 
Budget has been looking down on this program. So our work with 
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ERDA was off the record, but we understand that they believe they 
can operate the plan, as we have developed it. 

When the bill came to the House floor, in spite of the fact that there 
was last minute criticism of it from the Office of Management and 
Budget, it was passed by a vote of 308 to 60. I think that is enor- 
mously strong support for a bill authorizing $160 million. 

Mr. Chairman, we hare had some criticism of the bill, because of 
that figure, that $160 million program. The Washington Post criti- 
cized the bill, for instance, because it authorized $160 million. 1 find 
myself at a loss to understand the Washington Post criticism, when 
it supported a nearly identical solar energy program on a nearly 
identical basis. 

I would like to point out this figure is equivalent to just 55 hours 
of imported petroleum. At the rate we are importing petroleum today, 
the entire $160 million bill is equivalent to 55 hours. 

In addition, the cost is only $10 million this fiscal year. The larger 
amounts come when we get out in the future, actually buying the 2,500 
and 5,000 cars. 

Finally, if we have 10 million cars on the road, as I mentioned, the 
savings would be half million barrels of oil per day. That is 1 percent 
of our entire energy. It is 5 percent of our domestic petroleum produc- 
tion, S percent of all of our domestic consumption, but it is $5 million 
a day savings — just by having 10 million electric cars on the road. 

So I commend the bill to you with our wholehearted enthusiasm, 
and I hope the full committee and Senate will be moved to enact 
this legislation rapidly, so it will give the American people an op- 
portunity to have this real alternative, which provides financial and 
economic savings, and the freedom they have always cherished. 

Thank you, Mr. Chairman. 

Senator Moss. Thank you very much, Mike. 

That certainly is an excellent overview of your bill. Approximately 
how many companies are making an electric car? 

Mr. McCohmack. I would guess between one and two dozen, Mr. 
Chairman. The Electric Vehicle News (February 1975) has a list of 
these. I am sorry I can't give you an exact answer. We do have a list 
of manufacturers in the committee files. I think it is between one and 
two dozen manufacturers. 

Senator Moss. So there is some experimentation going on now, but 
as I understand it the thrust of your bill is that this experimentation 
would be encouraged by letting electric vehicle producers know that 
they were going to have a market to compete for in the next 2 or 3 
years! 

Mr. McCohmack. That is correct. Mr. Chairman, you recognize 
we have two electric vehicle manufacturers supplying cars today, 
selling them, in measurable numbers. The Citicar (Sebring-Van- 
guard,Inc) andtheElcar (ElearCorp.) 

Now, this is a start in the right direction. Both of these cars, as you 
know, are minimal, light city cars. Very practical for their intended 
use. There are many people, however, who want something some- 
what more advanced. They want a second or third generation ve- 
hicle that is more consistent in design and performance with the ve- 
hicles that we are more accustomed to, such as light American cars. 
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Even though there are a few manufacturers around, we need to give 
them stimulus and the impetus to get out and do the research and 
development to improve their design and performance and their 
acceptability to the American people. 

Senator Moss. Wasn't that really the one factor that the Washing- 
ton Post objected to in its editorial ¥ They felt that this legislation 
was in effect focused on merchandising an existing product 

Mr. McCormack. I think they missed the point completely; they 
seemed to have the impression that the government would be in the 
business of buying and selling cars. This is a demonstration pro- 
gram. Just exactly as the solar energy heating and cooling demon- 
stration is. It is taking an infant technology that has been known 
for a long time. What it needs are the sophisticated modernizing re- 
finements required for competitive application today — the critical 
boost to get it off dead center. 1 find it very difficult to rationalize 
support for the Solar Energy Heating and Cooling Demonstration 
Act and not support for the electric vehicle research and develop- 
ment bill. 

Senator Moss. It is a difference, really, of testing in the shop or the 
laboratory and getting out and really road testing under actual 
functioning conditions. That is the part that they seem to object to. 

Mr. McCormack. Yes. Again, I said they miss the point com- 
pletely. The investment the Federal Government would make, would 
be extremely small in comparison to the payoff. Not only will these 
vehicles be sold after being leased or used for demonstration programs 
( with much of the cost returned to the Treasury ) , but the stimulus the 
program would provide would be tremendous. The saving of getting 
an electric car program, even a modest one, underway — with a number 
of small independent free enterprise manufacturers in this country — 
is so great in terms of savings of petroleum and energy in general, and 
savings to individual commuters, automobile owners, that I find almost 
nothing else that will compare to it. 

Senator Moss. Do you know what the approximate retail price is 
of these two types of electric vehicles, which you state are now being 
generally distributed ! 

Mr. McCormack. These vehicles, you will have more accurate testi- 
mony on it, but I believe they retail slightly below or near $8,000. 

Senator Moss. So they would be competitive with small combustion 
engine automobiles? 

Mr. McCormack. Yes. I suspect the version we will see, like this 
more classic- looking streamline vehicle here, would be somewhat more 
comparable to cars in the United States selling for $4,000 to $5,000. 

Actually, we had demonstration vehicles that ran up to $13,000, 
that was their estimated sale price, with trailers and batteries and 
generators and that sort of thing. I think for the average small car 
you are talking about $4,000 to $5,000. You are also talking about a 
far cheaper operational cost, much lower maintenance and much safer 
vehicle, because it would not be traveling at such high speeds and, of 
course, you reduce pollution along with it. On almost every count, the 
electric vehicle is superior, for the things we really want, except for 
high power and high speed. Of course, with that high power goes 
the opportunity to build a stronger steel shell around the driver; we 
have to provide adequate safety in these vehicles. 
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Senator Moss. Well, I would like to discuss this issue with you for 
a long time. We have a long list of witnesses, however, so I must forego 
that. I appreciate your appearance. My colleague from New York 
may have some questions for you. 

Senator Booklet. Thank you very much. I am sorry I didn't come 
in at the beginning of your testimony. I saw those gadgets parked in 
front of the Capitol also. I feel the development of electric cars would 
solve a lot of problems. Assuming that the electricity used to charge 
a battery is generated by utilities using oil, what is the net saving 
in petroleum F 

Mr. McCormack. We have analyses that suggest that even with a 
utility using oil it is beneficial. Our testimony is that an electric ve- 
hicle is more efficient in total energy system. A detailed analysis ap- 
pears in the record of our Hearings on the Electric Vehicle Research, 
Development, and Demonstration Act of 1975 (Appendix B, docu- 
ment ANL-8075). Of course, you recognize, Senator Buckley, that 
most of the energy is soon to be generated either by coal or nuclear 
energy. There the savings, particularly with nuclear, are vast. 

Senator Buckley. I recognize that 

Secondly, you speak of a consensus that within 2 years of a big 
risk development program, you could develop economically appro- 
priate batteries at an economically competitive price. Do you have 
any price tags on what this particular effort would cost! 

Mr. McCormack. We are talking about batteries as we think of 
them today that will be selling for $50 to $60. So a rack of 10 to 12 
batteries would be $500 to $700 and would last for 3 to 4 years with 
normal operation. 

Senator Buckley. What kind of a research program would develop 
such a battery ? What is the cost of the program we are talking about ? 

Mr. McCormack. I cannot speak directly to the cost of the program. 
We have authorized quite a large amount of money, many millions 
of dollars in this general program, under the ERDA bill. 

I would like to refer to representatives of the battery companies 
who may be testifying before you, rather than taking a chance of 
making a mistake. 

Senator Buckley. Would we be duplicating the work ERDA has 
already done or accelerating the work ! 

Mr. McCormack. Accelerating, This is a technology to improve. As 
you are, I am sure, well aware, the incentive for better batteries has 
been with us for a long time and yet the progress has been quite slow. 
There are fundamental thermodynamic, materials and chemical rea- 
sons for that. Making the improvement we would like to make in 
terms of battery performance is a tough job, and it requires a great 
deal of support, a great deal of money, above and beyond what bat- 
tery companies have normally been accustomed to put into it. 

Senator Buckley. Yet you are confident that a 2-year test pro- 
gram could make the necessary breakthrough? 

Mr. McCormack. This is the testimony that has come to us from 
several different battery manufacturers and research organizations. 
I can only take their word. I can say, however, that we can operate a 
program on the present batteries. If you buy the top of the line bat- 
teries, if you like, from Sears, Roebuck or J. C. Penney, they will 
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operate a vehicle as we described it, 40 miles for 40 cents a day at 
about 40 miles per hour. We hope to get substantially better 
performance. 

Senator Buckley. There is an enormous amount of research the Fed- 
eral Government needs to do in the energy field, in particular. Look- 
ing at objectives down the line, in no circumstances would it be able 
to appeal to the private sector. I always wondered whether the Fed- 
eral Government should go into something that is achievable in a 
2- or 3-year time frame which is ideally suited to the private sector. 
You did speak of the necessity of guaranteeing that there will be 
a sufficient number of purchasers to create the incentive to come up 
with the car. The Federal Government, year-in and year-out, pur- 
chases a very large number of vehicles. I would assume over the 
nest few years the needs that could be accommodated by the 50 miles 
per day vehicle within the Federal apparatus would be such that 
there could be a significant market assured for cars that met certain 
standards. 

Mr. McCormack. This is specifically called for in the bill, for the 
various departments of government to purchase electric cars where 
they can. As you know, the U.S. Postal Service is purchasing some 
and ERDA purchased three of them for demonstration purposes, and 
the Department of Defense is considering purchasing some. 

Senator Buckley. One question, and perhaps later witnesses will be 
able to cast light on it, is might it not be sufficient for the Federal 
Government to say that we can guarantee purchases of 10,000 to 15,000 
of these vehicles a day, to create all the incentives that are required for 
the private sector to focus their resources to come up with a necessary 
vehicle? 

Mr. McCormack. I believe this is a question that needs to be ex- 
plored and considered. I would suggest one of the factors in any 
such consideration has to be : we must be talking about vehicles that 
the average citizen can afford to buy, rather than those that are speci- 
fied by the Federal Government ; and they must meet safety standards 
that are adequate for street driving, neither more nor less. 

Senator Buckley. The Federal Government can say, we will buy a 
car of these specifications, so you have a guaranteed market. 

Mr. McCormack. It might be larger also than what is called for in 
the bill. I think we have to explore this possibility to see what impact 
it has on our consideration. I do believe the demonstration out in the 
public of what an electric car can do in every day running around — 
I think the very presence of electric cars in our traffic — would have 
a very significant impact on people's thinking. 

Senator Buckley. Thank you very much. 

Senator Moss. I have just one more question I would like to ask 
you. Prof. John Haywood of the MIT Energy Laboratory stated in a 
letter concerning the demonstration program that he thought it was 
likely to produce disillusionment with electric vehicle operation. He 
also said it is likely to have the unfortunate consequence of focusing 
the Federal funds available for electric and battery research on short 
and interim term efforts, with severely limited potential, rather than 
on more realistically planned efforts to provide a viable option for 
the Nation in the longer run. What is your response to his criticism? 
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Mr. MoCobmack. I respectfully differ from that position. In the 
first place, I believe that we have to emphasize that we are t alking 
about second cars. We never have been talking about replacing high 
powered internal combustion engines, driving long distances at high 
speeds, or hauling heavy loads. I think this program has to recognite 
the type of vehicle we are talking about. 

In view of the fact that we know today that we can actually build 
such vehicles and that they will actually serve the purposes that 
second cars are normally used for in this country, I do not believe that 
we are m*fc-ing a mistake in emphasizing this particular aspect of the 
program at this particular time. 

As you are well aware, as we are all well aware, the most significant 
factor that has led to improvements in automobile technology, using 
internal combustion engines over the last 50 years, has been consumer 
interest. Consumer protection, consumer demand, has brought on com- 
petition, and higher standards of performance and design. This is the 
sort of thing that I think we want to depend upon. We need to stimu- 
late the industry. We need to stimulate the interest When small 
manufacturers, who are considering getting into business, and bank- 
ers who are asked to finance their operations, can look to the public 
and see a demand, a strong interest in the public for electric cars, 
then the money will be there and the innovations will be there, and 
the improved technologies will be there. 

This is the most significant factor for improving the quality and 
performance as we go along, rather than having a long-range research 
and development program confined to the laboratory. 

Senator Moss. Well, thank you very much. I appreciate your ap- 
pearance and your testimony, and I congratulate you on the fine job 
you performed in regard to this legislation on the House side. 

Mr. McCormack. Thank you very much, Mr. Chairman, and thank 
you, Mr. Buckley. 

[The statement follows:] 

Statement or Hon. Mike McCoriiack, U.S. Representative Frou Washington 

Thank you, Mr. Chairman, I sincerely appreciate the invitation to appear 
before tbe Subcommittee and the opportunity to express my strong support for 
the Electric Vehicle Research, Development and Demonstration Act of 1975. I 
introduced the original bill in the House of Representatives, because I was per- 
suaded of the definite need to accelerate the development and demonstration of 
electric vehicle technology so that the American people would soon have a 
viable option for their personal transportation which is both energy conserving 
and not dependent on imported oil. As I learned in greater detail about the full 
potential for electric vehicles during our Committee's consideration of this bill, 
I became firmly convinced of the wisdom of enacting the program Into law. In 
my appearance here this morning, I hope I can help to instill in the members of 
this Subcommittee the same feeling of enthusiasm that I have for this exciting 
program. 

Before going Into the details of the bill itself, I should like to address some 
of the underlying reasons why we need such a research, development and dem- 
onstration program. As most of you are well aware, transportation uses consume 
about 60 percent of our petroleum, and more than one-third of our petroleum is 
imported. It also seems likely that we will simply run out of petroleum by the 
end of this century. 

If one reads the national energy plan prepared by ERDA, it is clear that we 
are headed toward an economy which will be more heavily dependent on elec- 
trical energy generated from principally coal and nuclear fission, and later in 
this century, from geothermal and solar energy. We hope to have commercial 
nuclear fusion plants early In the next century. 
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The Electric Vehicle Research, Development and Demonstration Act of 1975 
la not only consistent with this trend toward an electric economy, but It will 
actnally help to foster this trend. By using electric vehicles we can replace 
imported petroleum with electricity produced from domestic sources. We will 
at the same time reduce the flow of petrodollars and develop the technology 
and economic infrastructure for a new transportation system in this Country, 
which retains the important characteristic of Individual freedom of movement 

If economic, social, and technical factors had remained unchanged, the gaso- 
line engine would probably have remained unchallenged far into the future. 
However, the mounting pressures to conserve petroleum and to reduce pollution 
from vehicle emissions are forcing a trend toward smaller vehicles for short 
urban commutes. Automotive propulsion systems, alternative to the internal 
combustion engine, must now be completely reevaluated; of all the alternatives, 
electric vehicles look the most promising. 

Mr. Chairman, when considering what is and is not being done, and what can 
and cannot be done, that will have a significant impact in relieving the problems 
of the energy crisis, some programs have a much greater value than others, 
because they will have a significant impact in the near future. As we on the 
Science and Technology Committee have analyzed the energy crisis and tried to 
formulate solutions, we bave picked pressure points where a small cbange in a 
technology that Is socially, economically and environmentally attractive can 
make a big difference either In increasing our energy resource base or in reduc- 
ing energy consumption. 

In addition, we have sought pressure points where demands for critically short 
materials such as natural gas today or petroleum and gasoline in the near 
future can be reduced specifically, as compared to just reducing energy con- 
sumption generally. Switching to electric cars Is such a program, particularly 
for second cars for urban commuting, and it has the advantage that Americans 
replace 10 percent of their cars each year, and that 40 percent of our cars are 
second cars. 

I hope tbe members of the Subcommittee will appreciate that the initial 
objective of this legislation is to develop "second cars" for our citizens and 
specialized delivery vans for businesses and government agencies. This con- 
straint, very frankly, is a technical one. The driving range of existing electric 
vehicles is about 60 miles. Thus they are amenable for immediate use In the 
50 percent of those automobile trips which are less than B miles. In fact, a 
recent— 1974— EPA study indicates that nearly 98 percent of daily driving of 
second cars could be met by an electric vehicle utilizing a single daily battery 
charge. 

That same EPA report, entitled "Impact of Future Use of Electric Cars in the 
Los Angeles Region" also has significant calculations of potential oil savings. 
It states that short-range electric cars could replace 1 million, or 17 percent, of 
tbe cars in the Los Angeles Basin by 1980. 

By the following decade, 1990, nearly half of the Los Angeles area cars conld 
be electric. Replacements of similar fractions of our 100 million gasoline- 
powered vehicles throughout the Nation would have extremely salutory effects, 
both on our petroleum supplies and urban pollution. For example, If we replace 
10 million gasoline-powered vehicles using only 2 gallons of gasoline per day 
with electric vehicles charged by coal or nuclear power plants, we will reduce oil 
consumption by 0.5 million bbl/day, which will represent about 3 to 5% of our 
domestic petroleum production by 1985 to 1990. This is one of three consumer- 
oriented things we can do to reduce oil and natural gas consumption without 
serious alteration of lifestyle. The others are to Improve energy efficiency in 
gasoline-powered cars and In the home. 

Widespread usage of electric vehicles would aid electric utilities in energy 
conservation because the electrical energy demands would be more uniform due 
to a predominance of recharging of batteries during late night and early morning 
hours. This would permit new more efficient power-plants to replace inefficient 
old power-plants presently operated to meet peak power requirements in the 
late afternoon and early evening. 

Tbe electric vehicle itself offers some prospect for energy conservation In 
heavily urtmn traffic, because no energy is used while the vehicle is stopped and 
because the energy lost in the form of heat during braking would be largely 
recoverable in an electric vehicle equipped with a regenerative braking system 
to store the recovered energy In the batteries, or perhaps in a flywheel. 
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In addition to conserving liquid fuels, electric vehicles can make a significant 
impact on air and noise pollution. The extremely complicated job of controlling 
millions of moving Internal combustion engine!! — present sources of pollution — 
In a single city can be transferred to the more tractable problem of controlling 
and monitoring emissions from a few electric generating plants. 

In 1967 a Department of Commerce study pointed out that the automobile 
was tbe largest single contributor to our national air pollution by weight. The 
Clean Air Act, Public Law 83-206, provided for research on motor vehicle pollu- 
tants. As a result, a program on advanced automotive power systems was 
initiated in the EPA. This program was transferred to ERDA by the Energy 
Reorganization Act of 1974. 

Mr. Chairman, H.R. 8800. the Electric Vehicle Research, Development and 
Demonstration Act of 1975, establishes a 5-year, $160 million program for 
research, development and demonstration for electric vehicles under the Energy 
Research and Development Administration. The primary goal of this project 
will be to demonstrate the feasibility of electric vehicles, Including the evalua- 
tion and demonstration of more than 7,500 vehicles over the next 5 years. 

This bill provides for research and development programs to Improve the 
existing electric vehicle technology. Batteries are a primary area in which the 
experts agree that major progress can be made In a short period of time. Dr. 
Edward David of Gould. Inc., testified before my Subcommittee that a new, 
lighter weight nickel-zinc battery could be developed at economically competi- 
tive prices within 2 years if a vigorous development program were initiated 
today. Other experts also feel that commercially feasible, highly superior 
replacements for the lead-add battery can be developed within the time period 
of the 5-year program established by this bill. 

However, we are faced with a sort of "chicken -and -egg" proposition. Before 
substantial private funding is invested to achieve major progress in batteries 
or other technical areas, there must be a sufficient market for the product. This 
is a primary Justification for the Federal participation in electric vehicle 
research, development and demonstration. Through the R&D programs we pro- 
mote the solution of the remaining technical problems which are currently pre- 
venting wider acceptance of electric vehicles. 

Demonstration and maintenance programs would also be established. Plan- 
ning grants and a loan guarantee program would be provided to allow small 
firms with problems in rising capital to bid competitively for the ERDA con- 
tracts and to establish themselves in the electric vehicle industry. 

With the demonstration program we help remove the social and economic 
barriers by stimulating the Interest of the American people in electric vehicles. 
The provisions of the bill will undoubtedly also encourage the investment of 
private capital for further R&D on electric vehicle technology and for the pro- 
duction of electric vehicles as well. 

The article In the October, 1975 Issue of Consumer Report* graphically demon- 
strates the need for the three-stage demonstration program included in H.R. 
8800. The article stated that the two electric vehicles which were tested were 
not safe for driving on city streets, because a 30 m.p.h. collision would result 
In serious Injury to the occupants. Under the three-stage demonstration pro- 
gram, ERDA is directed to develop, by examining the electric vehicles pur- 
chased In the first stage, performance criteria, Including safety criteria, to be 
used In contracting during the second and third stages. 

It should be emphasized that there will be considerable prospect for tech- 
nology transfer from the electric vehicle program to other aspects of our lives. 
For instance, better batteries in terms of energy storage capacity will be 
directly applicable to storing electricity generated from solar energy sources 
such as wind generators and solar cells. 

If r. Chairman, I want to assure the members of this Subcommittee that ERDA 
is In fact the proper agency to administer this research, development and dem- 
onstration program. Electric vehicle development Is a part of the broader Fed- 
eral effort in alternative automotive fuels and power systems. The Advanced 
Automotive Power Systems program transferred to ERDA by P.L. 93—438 has 
been expanded into an Advanced Tansportation Power System. In fact, the 
House has authorized $27.5 million for this program in fiscal year 1976. 

Under the provisions of P.L. 93-577 ERDA has been directed to perform not 
only research and development, but also demonstration programs. In my judg- 
ment we can only accelerate the commercialization of this important technology 
if there is the close coordination between research, development, and demon- 
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stratlon programs which occurs when one Federal agency has complete over- 
sight of the program. 

Mr. Chairman, It is clear that this Nation needs a concerted effort to develop 
and employ electric vehicles on a massive scale. This bill was unanimously 
approved by the Subcommittee on Energy Research, Development and Demon- 
stration and by the Full Committee on Science and Technology. 

On September fi, 1975, II, R. 8800 was approved by the House by the over- 
whelming margin of 308 for and only 60 against passage, which Is enormously 
strong support for any bill authorizing a new $160 million program. 

I commend H.R. 8800 to the members of this subcommittee with whole- 
hearted enthusiasm. I hope that after your hearings you will be persuaded as I 
am that enactment of the Electric Vehicle Research, Development and Demon- 
stration Act of 1975 is essential to provide a real alternative to the gasoline- 
powered automobile for the American people. 

Senator Moss. Because our time constraints are going to limit us to 
a morning hearing, I am going to ask the witnesses who appear if they 
would attempt to summarize or capsulize their statements. 

Now, in every instance, the complete written statement will be 
placed in the record and examined carefully by the members of the 
subcommittee and the full committee and by the staff, so you need not 
feel any of it will be left out. But we would like to have the highlights 
and emphasis on the part that you think ought to be particularly 
directed to the attention of the members of the subcommittee who are 
here this morning. 

Our next witness will be Mr. Edward Campbell, executive secretary 
of the Electric "Vehicle Council. 

Mr. Campbell, would you come forward, please! 

STATEMENT OF EDWARD A. CAMPBELL, EXECUTIVE SECRETARY, 
ELECTRIC VEHICLE COUNCIL 

Mr. Campbell. Thank you, Mr. Chairman. 

Senator Moss. We are very pleased to hear from you, sir. 

Mr. Campbell. Thank you very much for giving me the oppor- 
tunity to participate in this hearing. 

I will skip over as much as I can of my prepared statement, includ- 
ing a description of the Electric Vehicle Council. 

Senator Moss. We appreciate that. 

Mr. Campbell. I would mention one thing about the council. We 
have sponsored a program to develop and put into use 170 battery- 
powered delivery vans which were delivered last year. So we have a 
little personal experience as well as we feel that we are reflecting the 
attitude of the industry. 

Senator Moss. Are these vans concentrated in one city? 

Mr. Campbell. No. All around the country. 

Senator Moss. Thank you. 

Mr. Campbell. Concerning S. 1632, the subject of these hearings, 
and the companion House bill, I would like to say at the outset that 
the council heartily endorses the goal of these bills, to demonstrate 
the feasibility of electric vehicles and compliments the committee on 
their foresight in initiating action to avoid depletion of petroleum 



I think that even before we deplete the reserves, we have to consider 
we are presently escalating our imports of oil which have grown since 
the embargo from 25 to 38 percent. 
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However, oil use by the U.S. electric utilities is only 16 percent, 
which would give us an immediate advantage for electric vehicles. 

I find it confusing to discuss our energy use in terms of millions of 
barrels per day. I would like to put it in simple numbers. 

Considering the vehicles alone with either gasoline or battery, a 
number of studies have shown that the electric vehicle is 3.5 to & tunes 
as efficient as a gasoline vehicle. 

As Mike McCormack said, there were papers on that subject pre- 
sented at the House hearing which are available. One of them was by 
Dr. Salihi of the Otis Research Center. 

When we go outside the vehicle to either gasoline or electricity, we 
find that 15 percent of the raw energy is lost in refining and distribu- 
tion of gasoline while the efficiency of electric generating plants is 
about 32 percent. 

When we apply these factors to the vehicle performance, we find 
that electric vehicles are still 32 percent more efficient in their use of 
energy than gasoline-powered vehicles. 

That means if the gasoline vehicle used 100 units of energy, the 
electric would use 68. That is, if the electric industry used nothing but 
petroleum. But they only use 16 percent, as I mentioned before, and 
that is only 16 percent of those 68 energy units, and that figures out 
to 10.9. 

Senator Buckley. May I ask a question 1 

Speaking about comparing the relative energy efficiency between 
electric and gas using automobiles, what miles per gallon figure are 
you using! 

Mr. Campbell. Well, I am not approaching it that way. Engineers 
have analyzed every, what shall I say, system in the vehicles, for 
vehicles of different size, different speeds, and I have picked an aver- 
age that they set forth. 

Shall we say for an average size vehicle at moderate speed. The 
figures come out favorably at any speed, but it averages out to about 
32 percent. 

As I said, if we consider the utility use of oil as only 16 percent, it 
means that for every 100 units of petroleum used by gasoline vehicles 
less than 11 are used by the power plants providing the energy for 
the electricity. 

So if we could suddenly transform all our road vehicles to elec- 
tricity, we can cut petroleum use for transportation to one-ninth of 
what it is now. 

I find that more meaningful than saying how many million bar- 
rels of oil we may save. 

That prospect doesn't take into consideration the fact that most of 
the petroleum used by utilities is residual oil, the sludge that is left 
over after all the good parts have been refined out. Nor does it con- 
sider that the majority of electric vehicles can be charged in what to 
utilities are off-peak hours. 

A study of automobile use reveals most of it is in the daylight hours 
during which utility peaks occur. If the car is in use at this time, it 
obviously can't be charged then and must be charged during off-peak 
hours. 
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We are often asked what that means for utilities and their custom- 
ers. It means that the need for additional generating capacity is 
reduced, and that translates into less expensive electricity in the long 
run. 

It also means we wouldn't have to add a lot of capacity in order to 
have electric vehicles. 

Looking into the future, if in the year 2000 all cars were electric, it 
is estimated they would take between 6 and 10 percent of the expected 
total electric generation at that time. 

In other words, it wouldn't have a tremendous impact. 

Because we believe that in the long run electric vehicles are an 
imperative to our national policy of energy independence, we believe 
■ that we must start right now. 

Consequently, we concur with the bill, that a Federal role is needed 
to demonstrate battery-powered vehicles on a substantial scale, to gen- 
erate public awareness of their feasibility and social desirability, to 
support the development of an adequate maintenance and service net- 
work such as we now enjoy with gasoline-powered vehicles, to help 
remove legal or legislative impediments which may now stand in 
their way, and even to subsidize their sale. I think this is important. 
The time is ripe for electrics. 

The rising cost of gasoline and the programs to conserve it have 
accelerated the trend to smaller cars, and wider public acceptance of 
lower performance vehicles. 

This improves prospects for commercialization of present "state of 
the art" electric vehicles, as demands for size and performance lessen. 

Consider that the currently offered Volkswagen "Rabbit," Honda 
"Civic" and Chevrolet "Chevette" are all smaller than the VW 
"Beetle" which we once considered a tiny car. 

A prototype electric car introduced earlier this year by the Copper 
Development Association is about the same size as the Honda Civic, 
while a car being produced by the Electric Vehicle Associates of 
Cleveland is larger — about the size of the Mustang II. 

I do not feel that the introduction into public use in the next 3 or 5 
years of "state of the art" electric cars would affect public acceptance 
negatively. 

Even the tiny Vanguard "Citicar" has not done that. Over 1,000 
of these cars nave been sold and, I'm told by Mr. Beaumont, are 
resulting in reorders from the dealers who have sold them. 

The as yet relatively limited performance of electrics can still take 
care of a considerable portion of present automobile usage. The larg- 
est single category of auto use is commuting, which accounts for 84 
percent of automobile petroleum use; 40 million workers drive an 
average of 94 miles and consume 290 million gallons of gas each week. 

On a 5-day-week basis, 94 miles averages out to less than 20 miles a 
day, which would be no strain for any existing electrics. 

The term "state of the art" electric vehicles presumes the use of 
lead-acid batteries. These batteries have been greatly improved since 
the days when electric cars were first introduced in the early 1900's, 
both as to energy output and life expectancy. 

More improvements can be expected and, in fact, the Japanese are 
presently using prototype lead -acid batteries with energy densities 
as much as 50-percent greater than the best commercially available 
TT.S. battery. 
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But there is a limit, of course, and writers of articles about electric 
vehicles bring up the subject of the "super battery" in the wings, 
usually a high temperature molten salt battery. 

Laboratories working in this sector do not promise a street version 
in less than 10 years. We do not feel we can afford the luxury of sit- 
ting back to wait for the super battery. 

Great strides can be taken in the electric vehicle field between now 
and 1985, not only in developing the vehicle powered with lead-acid 
batteries, but also in developing a support structure for its service 
and maintenance. 

The matter of charging the batteries can be explored in a number of 
ways, also. Techniques have been patented for much faster charging, 
for instance, while there is another school of thought which believes 
that battery exchanging is the way to go. 

One of the present contributors to the relatively high cost of electric 
vehicles is the concept of the battery as part of the capital equipment. 

Some proponents of electric vehicles prefer to look upon the bat- 
tery as fuel, like a tank of gasoline. 

If batteries were available for exchange at something comparable 
to a gas station, and if they could be billed to the customer according 
to some unit of use, such as a per mile basis, they would be truly com- 
parable to gasoline and not part of the capital expense. 

I would like to say one other thing about the super battery. I do 
not feel battery research should constitute a major portion of expendi- 
tures under this bill. Partly for the reason I mentioned previously, 
namely we can cut oil use now with electric vehicles and partly be- 
cause ERDA is already funding R. & D. in this area. 

The lithium-sulphur program at Argonne National Laboratories 
was started by AEC and inherited by ERDA when the agency was 
formed at the beginning of this year, while the agency has recently 
announced contract awards to Dow Chemical Co. and Ford Motor Co. 
for the development of sodium sulphur batteries. 

In considering what might be and probably should be done, we 
might look for a moment at two other countries, Germany and Japan. 

Both these countries import over 90 percent of their petroleum and 
have a very important need for a substitute. 

In Germany, the primary effort to develop electric vehicles has been 
sponsored by private industry under the leadership of the electric 
power company RWE, or Rhine- Westphalia Electric Co. ; while in 
Japan the program has been sponsored by an agency of the govern- 
ment, the Ministry of International Trade and Industry, often re- 
ferred to by its initials, MITI. 

The German program was started in 1970, the Japanese in 1971. In 
both instances, the leadership organization established specific objec- 
tives as to types of vehicles to be developed and their target perform- 
ance, and enlisted the assistance of manufacturers of motor vehicles, 
batteries and components to work together in developing prototypes 
which would meet the targets. 

The programs have gone rather well and the prototypes are operat- 
ing in considerable numbers in both countries. 

This seems obviously to be a better approach than a hit or miss 
program dependent on what may chance to appear on the market. 
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I might observe in passing that these two countries are the same 
ones who sold several million small cars in our country while our own 
manufacturers remained convinced that Americans did not want such 
small cars. 

An alternative to our own development of electric vehicles would be 
to wait just a little bit until electric Toyotas and Volkswagens are 
ready for export and then we can play that whole scene over again. 

I don't think we want to do that, and I don't think we can afford to 
postpone our own development. 

The mention of the fact that such companies as Toyota, Nissan, 
Volkswagen and Mercedes Benz, Fiat and Zagato, Renault and 
Peugeot are seriously developing electric cars makes this an appro- 
priate moment, I believe, to bring up the concept of the "electric 
vehicle industry." 

I don't believe we are looking for a new industry to challenge our 
present automotive industry. What I think we are looking for is an 
alternative power source in our automobiles and commercial 
vehicles — a nongasoline source, if you will. 

I believe that the manufacturing expertise and capability of our 
Detroit manufacturers is desperately needed if we are going to look to 
a future of millions of electric vehicles. I would hope that ERDA 
will strongly urge our automobile manufacturers to take part in this 
development from the ground floor up. 

In considering the differences between S. 1632 and H.R. 8800, we 
note a strong emphasis in the final House bill on the inclusion of 
hybrids. 

In view of the strong emphasis in the bill of finding a substitute 
for petroleum, we feel that the use of gasoline power as a secondary 
partner in a hybrid will dilute the effort needed for the development 
of electrics and postpone even longer the important reduction in the 
use of petroleum which can be effected by the introduction of straight 
electric cars. 

As for other possible hybrids such as a flywheel /electric, it is our 
feeling that the flywheel as a commercially feasible product is farther 
away than even the super battery. 

In the proposed act there are a lot of steps that are only sketchily 
outlined, naturally. 

For instance, the Administrator would really have to draw up a 
proposal to which manufacturers could bid, and allow time for sub- 
mission and acceptance of bids, contract awards, and so on. I do feel, 
however, that it would be possible to do the purchasing outlined in the 
bill within the time allotted. 

I don't know about the "Buy American Act." I have to admit I am 
ignorant. 

I understand that vehicles should be at least 50 percent made here. 
I don't know how one can tell that about a vehicle, electric or any 
other sort. 

I think it would slow things down if the vehicles purchased had to 
be entirely made in the United States because many of the little manu- 
facturers who are doing important experimentation in this field can't 
afford to make a "whole vehicle and they buy small foreign chassis to 
work with. 
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I think thai for the tune being that would be desirable if they mold 
use their products in this program. 

The second part of the program, involving several thousand 
vehicles, I do believe would be possible because the prototypes already 
exist. They are either on the road or in somebody s laboratory. 

It isnt as if we. had to start today and develop a completely new 
item. In other words, I feel that it is feasible to do what the bill 



I wish that the bill would include some provision for what will 
happen after it becomes enacted. 

I think we will have reached a very desirable state 5 years from 
now, and I would like to think that a forward-looking plan would be 
at least mentioned beyond the end of this act. 

On the subject of inhibiting legislation, there are a great deal of 
either Federal or State laws pertaining to the safety of vehicles which 
might be or obviously are inhibiting. 

For instance, I read the requirements in the State of Oregon, and 
they are probably not peculiar, that require the four-wheel motor 
vehicle to be equipped with a muffler. 

I think that sort of thing — there has to be a big study of that, to 
identify these things that would prevent an electric vehicle from being 
registered. 

The bill provides for a study by the Secretary of Transportation 
on the current and future applicability of safety standards and regu- 
lations and I don't think that I need to list a lot of these things be- 
cause a study will root them out. 

The main thing would be to have an attitude or a Government 
policy which is designed to make it possible to put electrics on the 
road. 

We believe the loan guarantee provision of H.R. 8800 would be 
beneficial to the development of electric vehicles because, as I men- 
tioned before, there are a lot of small companies that have done some 
good work in this field, and we would like to see them get a chance to 
bring their technical contributions to a higher state of refinement or 
commercial feasibility. 

We believe the outcome of this act could be a vehicle comparable in 
size and carrying capacity to the gasoline- powered subcompacts now 
being marketed, with a range of at least 100 miles and with top speed 
and acceleration capabilities sufficient to allow it to mix safely with 
gasoline- powered vehicles. 

Such a vehicle already exists in prototype stage and should easily 
reach commercial feasibility during the life of this act. 

We believe that such a vehicle could operate on 0.5 kWh/mile, 
which is the equivalent of 79.8 miles per gallon of gasoline on a 
straight Btu comparison. This would certainly be worthwhile. 

There are some question marks as to what kind of data the figures 
are based on, but I think you can readily assume a vehicle operating 
under an equivalent of 80 miles per gallon would have to be a good 
deal cheaper. 

The development of an electric vehicle has so many things going for 
it, we feel it is inevitable. 

(1) It preserves the enjoyment of ownership of a personal vehicle. 
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(2) It provides a way to utilize more abundant energy 
coal and nuclear — as a substitute for scarce resources — oil. 

(3) It uses energy more efficiently than the conventional internal 
combustion engine car. 

(4) It lessens the urban pollution problem associated with auto- 
mobiles, as well as the noise. 

(5) It provides an off peak use of electricity so as to use generating 
facilities more efficiently. 

In this latter connection, it also provides for the substitution of 
electric energy for petroleum while minimizing the need for new gen- 
erating equipment. 

At least as many advantages can also be mustered for the com- 
mercial electric vehicle, especially the multistop, short-range urban 
delivery vehicle, which uses no "fuel" while it is standing still. 

This type of vehicle, and especially those used in so-called "closed 
loop" missions such as postal delivery vehicles, are much more feasible 
with state-of-the-art equipment than personal cars. 

We have placed an emphasis on the car in these remarks, not pur- 
posely overlooking the commercial applications, because the problem 
is bigger. There are at least Ave times as many cars, which use a great 
deal of our oil and create a great deal of ground-level air pollution. 

In a statement issued 3 weeks ago by the Secretary of Transporta- 
tion, the car is described this way : "The automobile is and will con- 
tinue to be the most universally accepted form of transportation in 
America. It is the most flexible and responsive mode and provides the 
greatest freedom of mobility." 

I believe few people would quarrel with that statement. And what 
it says to me is that if we are going to protect our environment, be- 
come energy independent, and at the same time hang on to "the most 
universally accepted form of transportation," we must foster the de- 
velopment of the electric car. 

That is why we at the Electric Vehicle Council are strongly behind 
this bill and nope that this committee will report favorably on it. 

Thank you for giving me this opportunity to express our views. 

Senator Moss. Thank you, Mr. Campbell, for your statement. 

How long has the council been organized ? 

Mr. Campbell. Since 1968, Senator. 

Senator Moss. I see. 

What is the size of its membership ? 

Mr. Campbell. We have several hundred members, partly electric 
power companies and partly manufacturers, individuals, other asso- 
ciations, and many of these members are from foreign countries. 

Senator Moss. Are you a trade association or do you carry on 
research and development work? 

Mr. Campbell. I think it could be better described as a trade 
association. 

Senator Moss. We appreciate your testimony. We are glad to be 
informed of some of the things that you have achieved with your 
council, and the comparisons you have made in regard to the efficiency 
of electric-powered vehicles as compared to combustion engines have 
been very interesting. 
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You, I take it, agree with the thrust of the bill that we should focus 
on one second car, a small commuter-type car or short-haul delivery 
vehicle ? 

Mr. Campbell. Yes. 

Senator Moss. You do not believe the technology is in sight yet for a 
long-range, high-speed car? 

Mr. Campbell. No. I think it is in the mind of the scientist, but as 
far as our present 

Senator Moss. The next 5 to 10 years — it isn't them? 

Mr. Campbell. No. 

I also feel the trend — this isn't just a feeling — the trend is away 
from such cars and by 10 or 15 years from now the high-powered car 
will be pretty out of style. 

But I do believe that by the end of the century electric vehicles will 
be able to perform anything that we can expect from a car. But that 
is 25 years. 

Senator Moss. Thank you. 

My colleague from New York may have a question or two. 

Senator Buckley. I would just like to address myself to one area of 
your testimony. You spoke of the need to move toward a super 
battery. 

A Congressman has testified, and I quote, "A lighter weight, 
nickel-zinc battery, could be developed at economic competitive prices 
within 2 years if a program were initiated today." 

Is this the type of battery that fits the category of super battery ? 
If so, is this 2-year time frame in your judgment a realistic one? 

Mr. Campbell. First of all, Senator, no ; that is not a real super 
battery we were talking about. That is an intermediate stage which 
could give us perhaps a doubling of the present capacity. 

We need much more than double, if we were going to be comparable 
with gasoline. 

Not to disagree with Mike McCormack, the company which said 
they would have the nickel-zinc battery developed in 2 years did not 
mean on the shelf, ready to be used. I think they feel that it will be as 
much as 5 years before they can drop it into a car. But even 5 years is 
within our thinking. 

In other words, 5 years from now we can have a type of battery 
which will give us a little more than we now get, but* we feel from 
studying the whole situation that in the 10 years the lead-acid battery 
will still be the primary source. 

So we have to gear our expectations on what can be done with that. 

Senator Buckley. Thank you very much. 

Senator Moss. Thank you, Mr. Campbell. We do appreciate your 
testimony. 

[The statement follows :] 



Gentlemen, thank you for the opportunity to participate In this hearing. I am 
the Executive Secretary of the Electric Vehicle Council, and 111 introduce my 
remarks with a few words us to what the Council Is. The Electric Vehicle 
Council was formed in 106S by the Edison Electric Institute, the principal 
association of America's investor-owned electric utility companies. The objec- 
tive of the Council is "to advance the use of electricity in transportation." 
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Today the Council Is an International organisation, with members from com- 
panies In 19 countries, In the electric utility, transportation, electrical equip- 
ment and battery industries. In addition, EVC membership includes other 
associations and a large number of individuals, Including representatives of uni- 
versities, research laboratories, government agencies and others. In the United 
States, electric power suppliers are members of EVC by virtue of their member- 
ship in Edison Electric Institule or in the American Public Power Association. 

The Council Is administered by a staff maintaining headquarters in New York 
City, and la governed by a nine-man Executive Board currently chaired by Mr. 
F. J. Port, president of ESB Incorporated. The other eight members of the 
Board Include four utility company presidents, three officers of manufacturing 
companies and the director of a trade association. 

Among its activities, the Council sponsored a program to develop, produce 
and put into use 107 battery-powered delivery vans, which were delivered to 
users during calendar 1974. The Council sponsors a biennial International Elec- 
tric Vehicle Symposium, the most recent of which was held iu Washington, D.C. 
in February, 1974. We've published several market research studies related to 
electric vehicles and we sponsor the quarterly magazine, Electric Vehicle News. 

Concerning S. 1632, the Blil which is the subject of these hearings, and its 
companion bill U.K. 8800, I would like to say at the outset that the Council 
heartily endorses the primary goal of these bills, to demonstrate the commercial 
feasibility of electric vehicles. We compliment the Committee on their foresight 
in proposing federal action now, In anticipation of our eventual depletion of 
petroleum reserves and the gradual shift to primary dependence on electric 
power generated by coal and nuclear. 

In fact, we have a more Immediate problem than "the eventual depletion of 
our petroleum reserves," and that is our present shortfall, which causes the 
escalation of oil imports at very high prices. In spite of the nation's "energy 
consciousness" since the oil embargo, our imports have grown from 25% last 
year to 38% at this time. 

The mix of fuels used by the nation's electric utilities Is only 16% petroleum, 
which would give us an immediate advantage with electric vehicles. 

I personally find it confusing to discuss onr energy use in terms of millions 
of barrels of oil per day, so I'd like to put electric vehicle use In focus with 
some simpler numbers. 

Considering the vehicle alone, with its on-board power source of either gaso- 
line or electric energy, a number of studies have shown the electric to be 3.5 to 
4 times as energy-efficient a.s the gasoline-powered vehicle. One of the papers on 
this subject, by Dr. J. T. Sailhi of the Otis Research Center, was submitted to 
the House committee which conducted hearings on H.R. 5479. 

Outside of the vehicle, we find that 15% of the raw energy is lost in refining 
and distribution of gasoline, while the efficiency of electric generating plants is 
about 32%. When we apply these factors to the vehicle performance, we find 
that electric vehicles are still 32% more efficient In their use of energy than 
gasoline-powered vehicles. 

That means that If the gasoline vehicle used 100 units of energy, the electric 
would use 68 units. That is, IF the electric industry used nothing but petroleum 
to generate. But they only use 16% oil, as I mentioned earlier. Therefore, only 
16% of those 68 energy units pome from oil. That figures out to 10.9 units. 

So, for every 100 units of petroleum used by gasoline vehicles, less than 11 
units of petroleum are used by the power plant providing the energy for the 
electric vehicle. If we could suddenly transform all our road vehicles to electric, 
then, we could cut our petroleum use for transportation to 1/9 of what It is now. 
And that prospect doesn't take into consideration the fact that most of the 
petroleum used by utilities Is residual oil — the sludge that's left after all the 
good parts have been refined out. Nor does It consider that the majority of elec- 
tric vehicles can be charged In what for utilities are off-peak hours. 

A study of automobile use reveals that most of it occurs In daylight hours, 
during which utility peaks occur. If the car is in use during this time, It 
obviously can't be charged then, and must be charged during off-peak hours. 

What does that mean for utilities and their customers? It means that the 
need for additional generating capacity Is reduced, and that translates into less 
expensive electricity in the long run. 

In that connection, and looking off into the future, if in the year 2000 all 
cars were electric, it is estimated they would take between 6 and 10% of the 
expected total electric generation at tliat time. 
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Because we believe that, in the long run, electric vehicles are an imperative 
to our national policy of energy independence, we believe that we must start 
right now. Consequently, we concur with the Bill, that a federal role Is needed 
lo demonstrate battery-powered vehicles on a substantial scale, to generate 
public awareness of their feasibility and social desirability, to support the de- 
velopment of an adequate maintenance and service network such as we now 
enjoy with gasoline powered vehicles, to help remove legal or legislative impedi- 
ments which may now staud in their way, and even to subsidize their sale. I 
think this is important. The time is ripe for electrics. The rising cost of gasoline 
and the programs to conserve it have accelerated the trend to smaller cars, and 
wider pnblic acceptance of lower performance vehicles. This Improves prospects 
for commercialization of present "state of the art" electric vehicles, as demands 
for size and performance lessen. Consider that the currently offered Volkswagen 
"Rabbit," Honda "Civic" and Chevrolet "Chevette" are all smaller than the VW 
"Beetle" which we once considered a tiny car. A prototype electric car Intro- 
duced earlier this year fry the Copper Development Association is about the same 
size as the Honda Civic, while a car lieing produced fry the Electric Vehicle 
Associates of Cleveland is larger— -about the size of the Mustang II. 

I do not feel that the introduction into public use in the neit three or five years 
of "state of the art" electric cars would affect public acceptance negatively. 
Even the tiny Vanguard "Citicar" has not done that. Orer 1.000 of these cars 
have been sold and, I'm told by Mr. Beaumont, are resulting in re-orders from 
the dealers who have sold them. 

The as-yet relatively limited performance of electrics can still take care of a 
considerable portion of present automobile usage. The largest single category 
of auto use Is commuting, which accounts for 34% of automobile petruleum use. 
Forty million workers drive an average of 94 miles and consume 290 million gal- 
lons of gas each week. 

On a 5-day-week basin, 94 miles averages out to less than 20 miles a day, which 
would l>e no strain tor any existing electrics. 

The term "state of the art" electric vehicles presumes the use of lead-acid 
batteries. These batteries have been greatly improved since the days when 
electric ears were first introduced In the early 1900'e, both as to energy output 
and life expectancy. More improvements can be expected and, in fact, the 
Japanese are presently using prototype lead-acid batteries with energy densities 
as much as 50% greater than the best commercially available U.S. battery. 

But there is a limit, of course, and writers of articles about electric vehicles 
inevitably bring up the subject of the ""Super Battery" in the wings, usually a 
high temperature molten salt battery. laboratories working in this sector do 
not promise a street version in less than 10 years. We do not feel that we can 
afford the luxury of sitting back to wait for the Super Battery. Great strides 
can be taken in the electric vehicle field between now and 1985, not only In 
developing the vehicle powered with lead-acid batteries, but also In developing a 
support structure for its service and maintenance. The matter of charging the 
batteries can be explored in a number of ways, also. Techniques have been 
patented for much faster charging, for instance, while there Is another school 
of thought which believes that battery-exchanging is the way to go. 

One of the present contributors to the relatively high cost of electric vehicles 
is the concept of the battery as part of the capital equipment. Some proponents 
of electric vehicles prefer to look upon the battery as fuel, like a tank of 
gasoline. If batteries were available for exchange at something comparable to 
a gas station, and if they could be charged to the customer according to some 
unit of use, such as a per mile basis, they would he truly comparable to gasoline 
and not part of the capital expense. 

Berore passing on to another point. I'd like to jump back for a minute to the 
Super Battery. I do not feel that battery research should constitute a major 
portion of expenditures under this Bill, partly for the reason I mentioned 
previously, that I don't feel that electric development and demonstration should 
be postponed on that account. But also partly because EBDA is already funding 
r&d in this area. The lithium-sulphur program at Argonne National Laboratories 
was started by AEC and inherited by EB.DA when the agency was formed at 
the beginning of the year, while the agency has recently announced contract 
awards to Dow Chemical Company and Ford Motor Company for the develop- 
ment of sodium-Super Batteries. 

In considering what might he and probably should be done, we might look for 
a moment at two other countries. Germany and Japan. Both these countries 
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import over 90% of their petroleum. In Germany, the primary effort (o develop 
electric vehicles has been sponsored by private industry under the leadership of 
the electric power company RWB, or Rhine- Westphalia Electric Company, while 
In Japan the program lias been sponsored by an agency of the government, the 
Ministry of International Trade and Industry, often referred to by its initials, 
"MITI." Tbe German program was started In 1070, the Japanese in 1971. In 
both instances, the leadership organization established specific objectives, as 
to types of vehicles to be developed and their target performance, and enlisted 
the assistance of manufacturers of motor vehicles, batteries and components to 
work together iu developing prototypes which would meet the targets. The 
programs have gone rather well and the prototypes are operating in considerable 
numbers In both countries. 

This seems obviously to be a better approach than a hit or miss program 
dependent on wbat may chance to appear on the market. I might observe in 
passing that these two countries are the same ones who sold several million 
small cars in our country while our own manufacturers remained convinced that 
Americans did not want such small cars. An alternative to our own development 
of electric vehicles would be to wait just a little until electric Toyota's and 
Volkswagens are ready for export and then we can play that whole scene over 

The mention of the fact that such companies as Toyota, Nissan, Volkswagen 
and Mercedes Benz, Flat and Zagato, Renault and Peugeot are seriously develop- 
ing electric cars makes this an appropriate moment, I believe, to bring up the 
concept of tbe "electric vehicle industry." I don't believe we are looking for a 
new industry to challenge our present automotive industry. Wbat I tbink we 
are looking for is an alternative power source in our automobiles and commer- 
cial vehicles — a non-gasoline source, if you will. I believe that the manufacturing 
expertise and capability of our Detroit manufacturers is desperately needed if 
we are going to look to a future of millions of electric vehicles. I would hope that 
ERDA will strongy urge our automobile manufacturers to take part In this 
development from the ground floor up. 

In considering the differences between S. 1632 and U.K. 8800, we note a strong 
emphasis in the final House bill on the Inclusion of hybrids. In view of the 
strong emphasis In tbe BUI on finding a substitute for petroleum we feel that 
the use of gasoline power as a secondary partner in a hybrid will dilute the 
effort needed for the development of electrics and postpone even longer the 
important reduction in tie use of petroleum which can be effected by the 
straight electric cars. As for other possible hybrids, such as a fly wheel /electric, 
it is our feeling that the flywheel as a commercially feasible product is farther 
away than even the Super Battery. 

We believe that the outcome of this Act could be a vehicle, comparable in size 
and carrying capacity to the gasoline-powered sub-compacts now being mark- 
eted; with a range of at least 100 miles; and with top speed and acceleration 
capabilities sufficient to allow it to mix safety with gasoline-powered vehicles. 
Such a vehicle already exists in prototype stage and should easily reach com- 
mercial feasibility during the life of tbls Act. We believe such a vehicle could 
operate on .5 KWH/mile, which is the equivalent of 79.8 mites per gallon of 
gasoline on a straight RTU comparison. This would certainly be worthwhile. 

The development of an electric personal vehicle has so many things going for 
it, we feel it is Inevitable; (1) It preserves tbe enjoyment of ownership of a 
personal vehicle; (2) It provides a way to utilize more abundant energy 
resources (coal and nuclear) as a substitute for scarce resources (oil) ; (3) It 
uses energy more efficiently than tbe conventional internal-corn bustlon-engine 
car; (4) It lessens the urban pollution problem associated with automobiles, 
as well as the noise; and (5) It provides an off-peak use of electricity bo as to 
use generating facilities more efficiently. In this latter connection, It also pro- 
vides for the substiution of electric energy for petroleum while minimizing 
the need for new generating equipment. 

At least as many advantages can be mustered for the commercial electric 
vehicle, especially the multi-stop, short-range urban delivery vehicle, which 
uses no "fuel" while it is standing still. This type of vehicle, and especially 
those used in so-called "closed loop" missions, such as postal delivery vehicles, 
are much more feasible with state-of-the-art equipment than personal ears. We 
have placed an emphasis on the car in these remarks, not purposely overlooking 
the commercial applications, because the problem Is bigger : there are at least 
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live times as many cars, which use a great deal of our oil and create a great 
deal of ground -level air pollution. 

In a statement issued three weeks ago by the Secretary of Transportation, the 
car is described this way: "The automobile is and will continue to be the moat 
universally accepted form of transportation in America. It is the most flexible 
and responsive mode and provides the greatest freedom of mobility." I believe 
few people would quarrel with that statement. And what it says to me is that if 
we are going to protect our environment, become energy independent and at the 
same time hang on to "the most universally accepted form of transportation," 
we must foster the development of the electric ear. That's why we at the Electric 
Vehicle Council are strongly behind this bill and hope that this committee wilt 
report favorably on it. 

Thank you for giving me this opportunity to express our views. 

Senator Moss. I am going to ask Dr. Bernard Baker if he would 
come forward and be our next witness. 

STATEMENT OF DR. BERNARD BAKER, PRESIDENT, ENERGY 
RESEARCH CORP., DANBVRY, CONN. 

Dr. Baker. Mr. Chairman, I am president of Energy Research 
Corp., a subsidiary of St. Joe Minerals Corp., a major lead and zinc 
producer in the United States. Our company has been active in the 
energy conversion and storage field for the past 6 years. I have a B.S. 
and M.S. degree from the University of Pennsylvania and a Ph.D. 
degree from Illinois Institute of Technology in chemical engineering. 

The previous gentlemen have testified on a number of matters that 
are in fine with my statement here. I will go over them. 

There is no question that there would be a tremendous saving in oil 
production. My figures are in agreement with the numbers given. I 
should like to say, another way of putting it is in terms of a favorable 
balance of payments of $4 billion a year which would accrue in using 
electric vehicles. I don't think this point was made. I think it is impor- 
tant, I should like to say, that we basically support this bill, and we 
think it is a very important step in developing an electric vehicle 
which would be competitive with the internal combustion engine. It 
is a very desirable thing for the country. It would be a mistake to 
think that the electric vehicle is across-the-board competitive with 
the internal combustion engine car. It is not. It will be for the period 
of this bill and many years thereafter, a limited-range vehicle, per- 
haps, with limited performance. 

Nevertheless, there does seem to be a great many areas where the 
vehicle could be used and used effectively and economically. I think 
some of those areas are delivery vans, in-city cars, commuter cars, 
suburban runabouts, intra and intercity buses and so forth. 

This could represent a great saving to the consumer provided that 
the vehicles are developed in a rational way. I think, it is important, 
then, that the bill be directed toward achieving both technically and 
financially viable electric vehicles. 

My expertise lies in the energy storage area. The battery car is 
not a new idea. At the turn of the century, it was pioneered by- 
Thomas Edison, but in times of abundant fuel it was passed by the 
ICE. Over the past 100 years very little has emerged from the battery 
industry that would change that situation. The lead-acid battery, 
which is commonly used in starting, lighting, ignition, and off-the- 
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road electric transportation constitutes about 75 percent of the battery 
market in the United States. Probably this is the battery to be used 
in the first two parts of this act. 

We think there is room for improvement in the lead-acid battery, 
but perhaps only marginally, perhaps 30 percent, which would mean 
an increase in energy density to about 18 watt hours per pound. This 
would convert into a vehicle with a range of 60 miles and limited 
high-speed performance. 

Nevertheless, the great experience of this industry and the avail- 
ability of lead within the United States' borders, make it a viable 
and probably continuing-use battery in the electric vehicle scheme. 

I think a great deal of information would be derived using lead- 
acid batteries in the initial phases of the bill. I would suggest that 
the second part of the bill be delayed by about 6 months so that the 
information can be digested for the third part of the bill. 

I would also suggest that the second part should include a number 
of vehicles with advanced prototype battery systems so the Admin- 
istrator can learn about the performance of improved electric 
vehicles. 

I think it is really the third purchase specified in the bill where 
we can expect the impact from improved battery technology to be 
made. I would like to briefly review battery development in the 
United States to put this in perspective. 

In the late 1940's the nickel-cadmium battery was developed. This 
represented tremendous improvement in cycle life, that is the number 
of times batteries can be reused. The energy density was about the 
same and the cost was much higher than lead batteries. In the 1950's 
the silver-zinc battery was developed. This battery had considerably 
higher energy density than either the lead-acid or nickel-cadmium 
battery but its uses were limited to only very special purpose appli- 
cations. 

Early in the 1970's, a number of companies in the United States, 
Japan, western Europe, and the Soviet Union began the development 
of a nickel-zinc battery. This battery, as the name suggests, is a com- 
bination of the aforementioned two batteries. It has high-energy den- 
sity, relative to these other batteries, and could provide the basis for 
electric vehicles in this country through the year 1990 and onward, 
and certainly is the leading candidate for achieving the goals under 
this act. 

I think within the time frame of the current act, that is 5 years, it 
is reasonable to anticipate that 100-to-200-percent improvement in 
energy density could be achieved in electric vehicles by the use of 
this Dattery. What this would mean would be the vehicles so devel- 
oped would have a range of about 150 miles, and a top speed of 55 
miles an hour. They would, therefore, extend the practical use of 
electric vehicles beyond that which is currently achievable with lead- 
acid batteries. We are not really talking here about a far-out tech- 
nology. We are talking about the need to improve technology. It is 
not something we have to wait 20 years to bring about. I think the 
achievement of a cost-effective life cycle for this battery may take 
somewhat longer, but it is reasonable to project a thousand cycles in 
the early 1980's. This would translate into a battery svstem that 
could be" used for 100,000 to 150,000 miles before it had to Be replaced. 
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I think it is important to comment on the availability of nickel 
and zinc. They are abundantly available within the North American 
Continent. It is interesting to note that if we were to bring 20 million 
nickel-zinc powered cars on to the American highways within a 10- 
year period this would require the expenditure of about $3^ billion, 
mostly with our Canadian neighbors. 

However, once this material would be in the United States, it is 
completely recyclable and reusable and would become part of the 
national wealth. 

This would compare with $22 billion of nonreusable petroleum 
products over the same period and approximately $4 billion of non- 
reusable petroleum imports every year thereafter. 

The nickel-zinc battery is still at an early stage of development and 
many technical problems remain, but we think they are the type of 
technical problems that will be responsive to a research and develop- 
ment effort on the part of the administrator. 

Finally, I would like to comment that, we think that E. & D. in the 
battery area is the major necessity under this bill. It is also necessary 
to create an atmosphere within which the electric vehicle will have 
the best chance to succeed. 

That may mean the initial relaxation of some performance require- 
ments, as well as some economic incentives, perhaps via a tax rebate 
and by favorable utility rate structures, for electric vehicle users. 
But I think these terms would be advantageous to the country as a 
whole, because of the impact in such areas as pollution and energy 
conservation and the more efficient operation of our electric utility 
system. 

Senator Moss. Thank you, Dr. Baker. Your full statement and the 
supporting paper and the tables will all be in the record. We are very 
pleased to nave your testimony. 

What is the likely cost of this advanced battery that you say we 
might have available in 5 years ? 

,Dr. Baker. I think the battery could be developed for a cost of 5 
cents a watt hour, translating into about $1,000 for a typical pas- 
senger vehicle. There is supplemental information to that effect sup- 
plied with my testimony. 

Senator Moss. So, if you had a rotating system of some kind, 
rather than recharging, then you would have to have two or more of 
them. Is that right? 

Dr. Baker. That is right. This is the type of battery we would en- 
vision being recharged over, say, an overnight period. I think one 
of the interesting aspects of electric vehicles is that it is sort of a 
load leveler. It could be used to absorb the Nation's electric utility 
capacity during offpeak periods. We would envision this battery 
being charged over a 4-to-8-hour period, during the evening hours. 

Senator Moss. So you would have a plug in your garage and a clock 
that would turn it on, say, at midnight, when the demand was lowest 
on the power system ? 

Dr. Baker. That is the idea ; yes. 

Senator Moss. Do you believe the funding levels to facilitate re- 
search and development in the two bills before the committee are 
adequate ? 
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Dr. Baker. I think the situation here is we are up against a very 
big and well-developed industry in terms of the internal combustion 
engine. Comparison with that industry, the numbers are small. On the 
other hand, I think a well-balanced program focusing attention on 
the right places, as this bill, could go a long way to getting the electric 
vehicles on the road. I think battery research and development is an 
important aspect of this bill. 

Senator Moss. Do you think that battery research and development 
is the most important aspect or do you believe there are other aspects 
where we ought to concentrate the R. & D. work ? 

Dr. Baker. I think the majority should be in the energy storage 
area. I think the energy storage device we are looking for is the 
battery as opposed to mechanical devices or a fuel cell. 

I also agree with Mr. Campbell that the hybrid concept is not a 
particularly good one. That is my feeling. 

Senator Moss. Well, thank you, Dr. Baker, for your testimony. It 
was particularly interesting and most helpful to us. 

[The statement and additional materials follow :] 

Statement of Dr. Bernard Baker, President, Energy Research Corp. 

My name is Bernard S. Baker and I am president of Energy Research Corp., 
a subsidiary of -St. Joe Minerals Corp. Our company has been active in the 
energy conversion and storage Held for the past six years. I hold BS & MS de- 
grees from the University of Pennsylvania and a Ph. D. degree from Illinois 
Institute of Technology all In Chemical Engineering. 

Congressional bills S. 1632 and H.R. 8800 are addressed to an Important 
aspect of U.S. energy and transportation policy. The Electric Vehicle Research, 
Development & Demonstration Act of 1975 would represent a significant first 
step toward creating an electric vehicle which could compete with the conven- 
tional internal combustion engine (ICE) vehicle in many areas. Among some 
of the benefits of such competition would be reduction of air pollution — by 
localization at the eentral station, conservation of liquid hydrocarbon fuels — 
eventual substitution of 20% of the total passenger vehicles with electrics would 
represent a fuel savings of approximately 300 million barrels per year, improve- 
ment of U.S. balance of payments as a result of such conservation— 4 billion 
dollars per year, and enhancement of the efficiency of our electric utilities by 
increasing their load factor during otherwise low use periods — hy as much as 
25%. Further, since electric vehicles will depend on domestic resources rather 
than foreign they should create employment for American Labor. 

If the desired results of this legislation are to lie derived It Is important that 
the correct steps be taken to ensure that effective development of technically 
acceptable and economically viable electrie vehicles occur. To achieve this at- 
tention must he given to establishment of realistic goals in all aspects of vehicle 
and subsystem design. My own particular field of expertise lies in the energy 
storage and energy conversion subsystems and I will limit my remarks to those 

In establishing goals, the electric vehicle cannot be viewed as an across the 
hoard competitor to the IC car. During the time period covered by the bill and 
for the many years thereafter, the electric vehicle will be a limited range 
vehicle which will be especially well suited to specific operating regimes but 
incapable of long range operation and lacking the flexibility of the IC engine. 
In spite of these limitations, however, there are a large number of potential 
applications for electric vehicles in which they will be of direct benefit to the 
consumer and the environment— that is delivery vans. Inclty cars, commuter 
cars, suburban runabouts and station cars, intercity commercial fleets and Intra 
and intercity buses. These could represent a substantial number of vehicles pro- 
vided that the initial purchase price and operating costs are such that the 
incentives overcome the technical limitations. 
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I believe that it is critical, therefore, that the bill be aimed at selecting 
practical operating regimes suited to electric vehicles ami then developing and 
demonstrating both the technology and economics of electric vehicle systems to 
satisfy the requirements of specific practical end use applications — which will 
probably mean different combinations of performance and cost for different 

It is my feeling that the single most important technological hurdle to be 
overcome in the development of an acceptable electric vehicle lies with the 
energy storage subsystem. For practical engineering and economic reasons this 
subsystem must be In tbe form of a secondary (rechargeable) battery as opposed 
to a mechanical device or fuel cell. 

The battery powered vehicle is an old idea founded at the turn of the eeutury 
by such entrepreneurs as Thomas A. Edison. It way quickly surpassed however 
by the Internal combustion engine In an age of cheap and plentiful fuels. 

Very few new developments have emerged from the battery industry In tbe 
last 100 years to change or enhance the competitive position of the electric car 
vis a vis the ICE. 

Tbe lead-acid battery commonly used for starting, lighting, ignition and some 
off-the-road industrial traction vehicles, and golf carts represents 75 percent of 
the U.S. battery market and certainly Is the most likely candidate for the first 
two purchases under the Act. While some Improvement may be anticipated 111 
lead battery technology, perhups 30% in energy density to 18 Whrs/lb, this 
battery will at best represent a limited performance electric vehicle with a prac- 
tical range of up to 60 miles and modest speed and performance capability. 
Nevertheless, the reasonable and established economics, the abundant avail- 
ability of lead within the United States and established production lines mean 
that this battery will play an initial and perhaps continuing role in electric 
vehicles provided it is not forced into applications for which it is obviously un- 
suited. A hundred years of experience is not readily put aside but clearly the 
lead-acid battery Is asymptotically approaching its technical limits. 

Much information on other components can be developed during the first two 
purchases that will enhance electric vehicle development. It would be advisable 
to extend the second purchase date by 6 months to 21 months in order to give 
time to assimilate the information from the first buy in setting siiecifications 
and guide lines for the second buy. Also the second buy should include a reason- 
able number of vehicles containing advanced battery prototypes to gain experi- 
ence for the third purchase. To have these prototype batteries available a re- 
search and development effort must be initiated early in the project by the 
Administrator. 

It Is really to the third purchase specified in the bill that the first substantial 
impact of improved battery technology can be expected. Historically it might be 
reasonable to recall that the first new rechargeable battery to obtain any wide- 
spread use in this century was the nickel-cadmium battery which emerged in 
the late 1340's. This lmttery represented a substantial improvement In cycle life 
over the lead-add battery but showed only marginally improved energy density 
characteristics and was considerably more expensive to produce. 

In the 1950's the silver-zinc battery was developed representing a major 
improvement in the energy density of secondary batteries but the use of silver 
clearly limited its application to special situations. 

In the early 1970's the development of the nickel-zinc battery, a combination 
of these latter two systems, was initiated in tbe U.S. and elsewhere and it is 
my belief that this system is the leading candidate for achieving the goals and 
benefits of this Act. A continuously Improving nickel-zinc battery could form 
the basis for electric vehicles through 1990 at which time some of the more 
exotic higher energy density batteries currently being researched may be ex- 
pected to be available. A comparison of various battery systems is attached in 
Table 1. 

Within the time frame of the current Act it is reasonable to expect nickel- 
zinc batteries to show a 100% to 200% Improvement in energy density character- 
istics over existing lead-acid or nickel-cadmium battery systems. Such batteries 
would provide for passenger vehicles with ranges up to 150 miles and top speed 
capabilities of 55 MPII, thereby extending the practical economic use of electric 
vehicles beyond those established with the lead acid battery. 
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Achievement of cost effective cycle life characteristics may take a longer time 
to realize but 1000 cycles corresponding to 100 to 160 thousand miles seems a 
reasonable goal by the early 1980's. The nickel and sine raw materials are 
abundantly available In North America and. In a traction battery configuration, 
readily recycleable and present no objectionable environmental or ecological 
problems. 

It Is interesting to note that to bring 20 million nickel-zinc powered cars onto 
American highways over a 10 year period would cost the country about 3.13 
billion dollars In imported materials mostly from Canada. These materials are 
almost totally reuseable In perpetuity once they have been imported. This com- 
pares with an equivalent purchase of 22 billion dollars of oil for ICE vehicles 
over the same period and $4 billion per year thereafter none of which, of course, 
is reuseable. 

The nlckel-zlnc battery is at an earl; stage in its development cycle and 
technical problems remain. It would appear however that they are the type of 
problems which will respond to research and the development efforts by the 
Administrator. 

In addition to R. & D. It will be necessary to create an atmosphere within 
which the electric vehicle will have tie best chance to succeed. This may mean 
Initial relaxation of performance requirements as well as economic incentives 
via tax rebates and favorable utility rate structures for electric vehicle users. 
These incentives must be viewed as advantageous to the nation as a whole 
because of the benefits delineated at the beginning of the statement 

TABLE 1.— CHARACTERISTICS OF SECONDARY BATTERIES— M KILOWATT HOUR BATTERY 



Lead j; 

NUM-inM. : 



Zinc i -i- -,n 
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blR.tP.tlMt, 
Case for Electric Vehicles 

As hydrocarbon fuel prices rise and these fuels become more scarce their use 
in transportation, especially road vehicles, becomes less attractive to the con- 
sumer, the United States and the world. The American consumer Is concerned 
with his out of pocket cost for gasoline and related fuels, the U.S. Government 
as well as the people have concerns over the balance of payments deficits caused 
by importation of these fuels. The world at large sees the massive consumption 
of these exhaustible fuels In the motor cars of the western world as a threat to 
their existence depriving them of resources needed for food and other essential 
material consumption. 

Alleviation of this serious problem Is difficult. Unlike central station power 
where coal or nuclear fuels can be substituted for fluid hydrocarbon fuels the 
transportation problem is not so directly solved. 

Two types of solutions can be offered to the road transportation problem, 
synthetic fuels or electric traction. Electric traction seems to provide an over- 
whelming better alternative to synthetic fuels since It results in more efficient 
use of our coal resources and is more directly adaptable to using nuclear fuel 
via nuclear powered central stations. 

This Is vividly shown In the first bar chart where three scenarios are com- 
pared. This chart first shows relative efficiency or miles per unit of energy for 
gasoline powered and electric powered vehicles accounting for all the inefficien- 
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cies in both systems. Next the situation 1b compared for synthetic fuels where 
coal is the source of hydrocarbon. This situation is even less attractive for 
the Internal combutlon engine (ICE) because of the energy loss in converting 
coal to liquid fuels. Even If coal resources were unlimited, the labor, capital 
and transportation facilities associated with mining coal dictate its most effi- 
cient end use. 

Finally a synthetic fuel route via nuclear power is considered. Such processes 
Involving hydrogen followed by perhaps ammonia production are very un- 
attractive on an energy basis and quite speculative. 

In each of these three cases the battery powered electric vehicle is more effi- 
cient because of the high efficiencies of secondary batteries and the high effi- 
ciency of electric motors and the relatively high and improving- efficiency of 
central stations. 

BATTERY £ 
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Actually batter? selection Itself has two parts. First, is the definition of the 
application and next is the choice of technology to meet the requirements. A 
reasonable first generation electric vehicle should take the form of a modest 
size passenger car, probably a second car, or a small delivery truck. A recent 
analysis of American driving profiles is quite revealing. It has shown that 80% 
of first car trips and 96% of second car trips are under 60 miles per day (Chart 




2). If battery selection is directed at meeting this range requirement, it is ap- 
parent that a 30 Whr/lb. battery Is sufficient. The effect of battery energy density 
on range requirements is shown in Chart 3. Clearly, a battery with high 
energy density only marginally expands the market in which the electric vehicle 
can participate. Lower energy densities begin to reduce the marketability, but 
even here, there are substantial market possibilities at lower energy densities. 
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The battery energy density does, of course, impact the energy required per mile 
of driving. This Is clearly shown In Chart 4. The reason for the sharp rise in 
energy per mile at the low range of energy density la that In this range much 

of tbe energy Is being spent in moving batteries rather than pay load. 
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At the low energy end the extra battery weight begins also to cut into range 
In Table 1 a ulckel-zlnc battery in the 30 Whr/lb range is compared with a 
12 Whr/lb lead-acid battery for a modest size passenger vehicle. The comparison 
dramatically shows the substantial vehicle improvement by the use of nlckel- 
ziric batteries. 

PAYLOAD - BATTERY ENERGY CHARACTERISTICS 
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ENERGY DENSITY — 
TABLE I .— VFHICLE CHARACTERISTICS 
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The choice of a battery for electric traction requires a balance between eco- 
nomics and energy density. The highest energy density secondary batteries 
available today are silver-zinc with an energy density of about 4B Whr/lb. 
Clearly such batteries which cost about Sl/Whr are far too expensive. The 
lead-acid battery which sells for 2 to 10*/Whr Is too heavy. The nickel-cadmium 
battery about 50% more energetic than the lead-acid battery is also quite ex- 
pensive costing at least 40#/Wbr. No commercial battery on the market today Is 
suitable for electric traction. 

Many new battery systems are under investigation. High temperature be< 
are unsuitable for traction. The sine-Chlorine and nickel-iron systems : 
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complex Impractical systems with low overall energy densities. Zinc-air and sine- 
oxygen systems are potentially interesting but are still complex hybrids of fuel 
cell and battery technology. 

Only the nickel-oxide zinc battery represents a reasonable battery choice for 
widespread traction applications In the forseeabie future. 

Energy Research Corporation has been developing this battery for the last 
Ave years and considerable progress toward the realization of traction battery 
technology lias been made. Unique in the ERC nickel-zinc battery technology 
Is a greatly improved zinc anode, low cost non-sintered nickel cathode and stable 
long life inorganic separator. The components can be made Into a 30 to 33 
Whr/Ib battery with reasonable economics. A comparison between ICE & BV 
Costs are shown in Table 2. 

At this point in time much experimental work has been focused on small 
batteries. It is now time to initiate the development and engineering programs 
required to bring this nickel oxide-zinc technology to a complete traction battery 
system. 

TABLE l.— COMPARISONS OF ICE AND EV COSTS 



Initial vehicle cost W.OOO 

Vehicla liii (reais) 10 

Iniuilbjtteiycost.. . 

Battery Lifi . ■ . 

Oain-niMtio . ■»■■; r i- j» . 

DapiiciatiDr b»reii tens pec mile 

Fuel costs ;erts >»■ ijrin :trit nei 
kilowatt- 0.5* OS* 0. 75 ] 



Cents p«i mile 2 7 3.2 

Oil cer". '■-.■■ 1 

!pVr*in°''™nIenj™.' ".'.'.'.'.'.'.'.'.'.'. 14" 14 ' 



10 


\ f 


» n 


5.0 2. 


D 3. 4. 


5.0 


8 


LI 


i i 


10 


a 1.1 l. 


5 2.0 


1.2 


• 
1 ? 


1 7 


L2 l! 


2 1.1 i 


t .4 

2 1.2 



Total conti p«> m,le . ... 0,2 0.7 9,3 10.0 7.2 7.9 0.4 5.0 S.2 6.5 7.0 

It is our opinion that a reasonable performance modest cost electric vehicle 
could be developed and field tested based on the nickel zinc battery within the 
next five years. Substantial numbers of nickel zinc powered electric vehicles, 
1,000,000 per year, could be operating on American highways within the next 
8 years. 

Senator Moss. We will now have a panel that will appear together at 
the table, Mr. Robert G. Beaumont, president and chairman of the 
board of Sebring Vanguard ; Mr. James Norberg, administrator of the 
electric vehicle program of that company, and Mr. Leon Shahnasarian, 
president of Elcar. 

Could those gentlemen come forward, please ? 

We are pleased to have you. You represent what, I suppose, are the 
principal electric vehicle manufacturing companies, and you should 
be able to bring us information that we need for our record. 

I will ask you to submit whatever written statements you have, and 
request that you proceed as best yon can, to summarize, due to our 
time constraints. 

Mr. Beaumont will go first. 

STATEMENT OF ROBERT G. BEAUMONT, PRESIDENT AND CHAIR- 
MAN OF THE BOARD, SEBRING VANGUARD, INC. ; ACCOMPANIED 
BT JAMES NORBERG, ADMINISTRATOR, ELECTRIC VEHICLE 
PROGRAMS 

Mr. Beaumont. Thank you. 

I understand thero are two newspapers in Washington; one is the 
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Washington Post and I hesitate to mention the name, but I believe, 
the Washington Star. 

On Tuesday, September 23, on page 2 of the little paper I pre- 
pared — the heading says, "A not-so-daffy little ear." It says, "Our 
critical oil difficulties mandate a variety of searches for energy alterna- 
tives. The vision of our purring around the city someday in little elec- 
tric autos, emitting no air pollution and no noise anyone would notice, 
is not to be joshed away." 

I have prepared a little booklet. I hope you all will read it, which 
says not only what we say about the electric vehicle, but quotes from 
dozens of people across the country who are using the cars, and who 
are expressing their opinion as to the future of electric vehicles. 

To address specifically to the four points you brought up at the be- 
ginning of the meeting, one of the present performance characteristics 
of electric vehicles is a 35-to-40-miIe-an-hour top speed in a 35-to-40- 
mile range. 

This present performance characteristic of these cars presently will 
handle a percentage of approximately 83 percent of urban travel. So 
it is not a question of what the electric car can't do. I think we should 
concentrate on what the electric car can do. 

If that percentage of vehicles is used as urban commuters, are of 
that magnitude, then we have to get started, obviously, on the develop- 
ment of vehicles. As far as energy usage, soon there will be a new 
terminology to recognize mileage on electric vehicles. 

It will be how many miles per K, how many miles per kilowatt- 
hour. Presently we have testa that show our vehicles can go approxi- 
mately 4 miles per K, or 4 miles per kilowatt-hour. So to determine the 
efficiency and economy simply take the local kilowatt-hour rate and 
divide by 4. 

Case in point, if it is 4 cents a kilowatt-hour, and you go 4 miles per 
K, it is 1 cent a mile. Obviously in New York City where it is double 
that, it costs 2 cents a mile. 

So the terminology, how many miles per K, I think you will be hear- 
ing more of. 

The second point was probable improvements that may come as a 
result of this bill. Obviously trial and error is something that has gone 
on since the days of Henry Ford. It is the same thing we are going 
through right now and I am sure Elcar is. 

In the past year we have got dozens and dozens of improvements 
that have been instituted into the production line and these cars go 
out in the field to dealers and hence to customers. 

I know for a fact Elcar has dozens of improvements that have been 
put into their vehicles in the past 18 months. So only through trial and 
error and through a chance to survive in a market, which we think 
exists already, will product improvement take place, because if you 
take this to the laboratory, such as Professor Haywood suggests, it is 
decades and eons before something comes out of the laboratory. 

You need hundreds of millions of dollars of R. & D. which result in 
a paper for your perusal, but very little hardware. As far as institu- 
tional barriers are concerned, there are many. 

Take the latest Consumers Union Report, which you mentioned be- 
fore. On the next to last page of the little booklet I prepared, one par- 
ticular person issued a press release in connection with the Consumers 
Union Report. 
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If you oould look at the very last article, the very last paragraph of 
that report of Mr. Charles MacArthur, it says, "Recently MacArthur 
purchased a dozen eggs and took them to his testing laboratory. He 
dropped each egg very carefully from a height of 2 meters onto a 
concrete floor. 100 percent of the eggs tested broke on impact. As a 
result, he has forbidden the purchase of any more eggs until the 
chickens develop a more crashproof egg." 

This typifies the somewhat national mania of safety. It typifies what 
Consumer Union is concerned with, and what price safety, or what 
comparisons with the egg situation. We have been banned from Michi- 
gan, Senator Moss. This happened recently. 

All 50 States were licensing the little CitiCar until a State trooper 
in Michigan tested the car and decided unilaterally that the plastic 
body wasn't safe. Therefore, the car was banned in Michigan. 

Currently, we have about 15 dealers in the State of Michigan with 
about 50 cars on hand that they don't know what to do with them. This 
is an institutional barrier. 

All your advertising is based on sex symbols. It permeates society as 
to the importance of owning a gushy looking automobile. Indeed, even 
the Congress was skeptical when this bill was first introduced — until 
the Congress began to think, until the Congress had time to analyze 
the points brought up by Mike MeComiack and the other members 
who voted almost unanimously on the bill. Once the thinking took 
place, you people realized the parameters within most of the nations, 
fall within the present characteristics of cars. 

We need orders so we can plan production, so we can buy merchan- 
dise, so we can get out supplies to gear up and make these cars 
available. 

Senator Buckley brought up a point before about the Government 
agencies purchasing these cars. This last week in a 2i£ hour meeting at 
Fort Gordon near Augusta, Ga., one of our transportation specialists 
had a long meeting with the transportation people at Fort Gordon. 

Out of the meeting came a report that is on its way to GSA now, 
that of all the vehicles owned by the Federal Government on Fort 
Gordon right this moment, 61 CitiCars take the place of 61 conven- 
tional vehicles, which would mean an enormous saving of money and 
energy at that particular site. 

As far as batteries are concerned, in my opinion, at least 10 percent 
of the funding in this bill should go toward battery development, be- 
cause as Dr. Baker said, this is the key to a vast potential market for 
electric vehicles. The battery K. & D. should not be overlooked. 

Basically, that is my summation of the four points that I feel are 
important. 

Thank you. 

Senator Moss. Thank you, Mr. Beaumont. 

On the car that you produce now, how large a battery is available 
for that car? 

Mr. Beaumont. Total battery charge, 6, 8- volt batteries. These pro- 
pel our vehicles at 38 miles per hour for a range up to 50 miles under 
identical conditions. 

The true mileage you can expect in this vehicle is a solid 40 miles. 
Above that, you are doing well, unless you have excellent tem- 
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perature and terrain. We get many reports from the field that people 
will commute 27 miles one way to work; they will plug in for a 
couple of hours, and they easily make it home. 

There are many instances of 55 and 60 miles per day put on our ve- 
hicles by a few hours' charge while the car is parked. 

Senator Moss. How long have you been producing your car* 

Mr. Beaumont. Four years ago, Senator Buckley helped my com- 
pany very much when we were in New York developing the concept. 
He helped us with the National Highway Safety Administration and 
some of the other Government agencies who weren't quite sure how to 
classify this car. 

So my own involvement has been 8 years, as far as electric vehicles 
are concerned. I formed the company in May of 1973 in Sebring, FJa. 
We spent a year for engineering, tooling, designing ; we went into pro- 
duction in May of 1974. 

At this point, we have produced 1,570 cars, 1,500 vehicles are out 
in the hands of dealers, and about half of those are in the hands of 
consumers. 

I might say that my company in the 2 years we were in existence, 
first year for development and second year for actual sales ; we took a 
total of almost $1 million invested in private capital to get to this 
point. 

One of the reasons we must advocate and support this bill, there is 
always the chance that the work we have done couldgo "belly up" like 
what happened recently to Mr. Burton in Canada. That took $22 mil- 
lion before he went under. 

We believe this vehicle can perform a function in the Nation's trans- 
portation, and we think Congress should pass this bill and give some 
assistance, whether in the form of loan or capital, to continue the work 
we already started. 

Senator Moss. I may have some additional questions if time will per- 
mit. I would like to turn to Mr. Shahnasarian. We would be pleased 
to hear from you and, if any of the other gentlemen have any state- 
ments they would like to make, we would turn to them next. 

STATEMENT OF LEON SHAHNASARIAN, PRESIDENT, ELCAR CORP., 
ELKHART, IND. ; ACCOMPANIED BY ROBERT CULVER, TECHNICAL 
DIRECTOR; AND PETER GREENBERO 

Mr. Shahnasarian. Mr. Chairman, my name is Leon Shahnasarian. 
And I am president of the Elcar Corporation. The two gentlemen on 
my left: Mr. Peter Greenberg, who is our representative here and 
handles government relations, and Mr. Bob Culver, vice president in 
our company. 

Senator Moss. It is very good to have you. 

Mr. Shahnasarian. They are well-qualified people to answer ques- 
tions. I won't read the whole testimony but I would like to read just 
one section of it. 

The Elcar Corp. already has available a very capable, basic two- 

Sassenger electric car. Due to our past experience and to the tremen- 
ous interest seen in these diversified means of transportation, we, the 
Elcar Corp., are presently in the process of tooling up for the manu- 
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facture of our own American version of an electric van-style vehicle. 
This vehicle will accommodate four passengers, can be used for light 
delivery service, is ideal for governmental agencies, and could be made 
to comply with postal delivery requirements. With sufficient financial 
support, we could conceivably mass produce these vehicles in approxi- 
mately 6 months. Mass production would result in cost savings which 
could allow competitive pricing in relation to the conventional gas- 
driven automobile. 

Senator Moss. That is fine. I appreciate it. Of course, the entire 
statement goes in the record. We are very glad to have it. 

Mr. Culver. We would like an opportunity to proceed with your 
questions and answers that I am sure our panel discussion is to bring 
out. 

Senator Moss. All Right. We will proceed with that. Some of these 
questions may require a response from more than one of you. 

First of all, it was mentioned by Mr. Beaumont that they had some 
institutional impediments in Michigan. What have been the major 
problems in trying to get your vehicles on the market? Maybe each 
one of you could try that. 

Mr. Beaumont. Institutional wise it took us 2^2 years to get through 
New York State, They wanted certain things in the car they felt were 
necessary to protect the safety of the citizens of New York. We finally 
complied with all the New York State requirements and are licensable 
there. 

The State of California originally licensed the vehicle, but the 
rather large bureaucracy there found that certain of the lights on the 
vehicle were not in absolute conformance with California regulations. 
While they were in conformance with Federal regulations, that didn't 
matter. So, as a result, we changed our lighting to conform to Cali- 
fornia regulations, and, in effect we went standard on those lights, so 
they not only conform with California but the Federal Government as 
well. 

With the exception of those two States we have had very little dif- 
ficulty getting the cars licensed in most areas. This Michigan fiasco 
took place— my stockholders, many customers, dealers — dealers blame 
this a lot on Detroit. OK ? I don't. I can't conceive of any pressure com- 
ing from the "motor moguls" in Detroit that would have an effect on 
banning the electric car in Michigan. 

However, it seems strange, I must admit, that is currently the only 
State. in the Union that will not license the vehicle. I think it is just a 
bureaucratic snafu. I hope it is. We are going to the courts with our 
limited resources to try and get injunction against this unilateral de- 
cision by one State trooper, whose main reason was, he feels ^he plas- 
tic body on the vehicle is not safe. I mean, that is the whole basis of it 
being banned in Boston — I mean banned in Michigan. 

Senator Moss. What problems do you encounter with your vehicle? 

Mr. Culver. The largest single problem we had, especially with our 
earlier models, was speed. As an institutional matter, we have run 
into some State problems which we have solved now, but basically — 
but our early opposition was the fact that our vehicles blocked the 
highways. It quickly developed, we noticed the State motor vehicle 
administration in the various States refused to segregate or separate 
our car from other cars. 
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Now, our car, as you have heard, such as in all the testimony you 
heard today, we don't recommend that anybody sell a family car and 
buy one of these. It is a second car. It has its place in neighborhoods, 
downtown and what not. 

The State of Maryland was originally very concerned that we would 
get out there on the Beltway or something at 6 :30 in the morning and 
here would be Elcars, and city cars abreast of it and everybody else 
backed up 30 miles. Well, the vehicle has no place in or on the Beltway 
per se. We acknowledge that as much as anybody else. The fact is, cer- 
tain State motor vehicle — perhaps, the States will have to progress to 
the point of classifying roads on which these things may or may not 
operate, depending upon their performance characteristics, as the ve- 
hicles improve, and they will improve. 

Maybe the classification will become an anachronism, then we will 
have to fight to get them taken off. As of now, I don't think we should 
be banned totally from any where, because there are places, just because 
there are certain places such as the Interstate Highway System on 
which we are not ready to enter that yet. 

Senator Moss. Well, if an Interstate Highway has a 45-mile mini- 
mum, and a 55-mile maximum, are you stating that you shouldn't take 
one of your cars onto such a highway? 

Mr. Culver. That is correct. Our problem initially in some States, 
we were having a rough time licensing our vehicles there because they 
wouldn't meet these minimum standards for certain state roads. You 
must remember other States have good roads also. They are not part of 
the Federal Interstate Highway System, that are up to a par with the 
Federal system. The States had no method or no regulation for saying 
you have a car to operate here but not there. You either have a car or 
you don't have a car. 

Therefore, it was difficult for them to contend with our vehicle. This 
may also affect the safety aspect, as well as the flow of traffic. We dont 
need to worry about high-speed impacts, if our vehicles are permitted 
on only roads with a speed limit of not less than such and such or more 
than such and such. 

Senator Moss. Do you have any idea of approximately how many of 
your cars are now operating on the road ? 

Mr. Greenberg. Well, we have less than a thousand, Mr. Moss, on 
the road at this time. Our program is a year newer in its infancy than 
Mr. Beaumont's itself. 

Senator Moss. Is it about 1,000 or considerably less than 1,000 ? 

Mr. Greenberg. Considerably less than 1,000. 

Senator Moss. For that reason, would you support the part of the 
bill requiring the buying of more demonstration cars so that you could 
have some assurance of a market and begin to manufacture? 

Mr. Greenberg. We would express ourselves the same as Mr. Beau- 
mont did. We need that assurance of procurement as well as we need 
the funding for a new enterprise such as ourself. Previously, it is well 
known we have an imported vehicle, which is basically a two-passenger 
vehicle. We know the market is there for our van-style vehicle. We 
feel now the public is ready to accept this. We have all done a whole 
lot of work as well as Mr. Beaumont has in introducing the concept of 
the electric vehicle to the public. We are more than confident the pub- 
lic is ready to accept it. 
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We don't need an exotic battery to start out. You have primarily 
basic needs of transportation. We find the whole existing problem 
lies in the association of our electrics with a conventional gasoline- 
driven automobile. We have to do our best to show the people the value 
and the need of these electric cars, and not to be going from here to 
California, or vice-versa, et cetera. 

Just plain basic transportation needs. 

Lead-acid batteries, I believe Mr. Beaumont will agree, offers that 
right now. We have a viable product for what it is intended for. 

Senator Moss. Do you presently have any exemption or dispensation 
from Federal safety standards? 

Mr. Greenberg. Yes; we do, Mr. Moss. We have, for one thing, the 
heater- defroster exemption on the vehicle. An electric vehicle does not 
lend itself to a high drainage of ampere, which is required from a good 
heater and defroster unit. We do, as well as Mr. Beaumont, have alter- 
nate means of supplying the heater and defrosters at this time. But as 
to the aspect whether they will satisfy safety standards, that is an- 
other question. 

Another item that we don't feature, and I am not sure if Bob does 
in his, is the key alarm, where if you leave your key in your ignition, 
you will have an alarm system. We haven't finished our engineering 
on that, as to how to accomplish that. 

Third, we have the situation — the 2,500-pound minimum. Modern- 
day cars have a very heavy, elaborate engine on the vehicle. In the 
structure of our cars theie has been nothing designed to compensate 
for that. That again is going back into your high-impact-crash re- 
quirements of the vehiclas. 

Other than that we feel we can comply with all of the safety 
standards. 

Mr. Beaumont. Senator, I think what you are trying to get at pos- 
sibly — let me really speak for the record and make it really clear. The 
Federal Government, as far as the DOT is concerned— and in partic- 
ular, the NHTSA which determines Federal regulations—has been 
extremely cooperative and very friendly to our efforts to get these 
electric commuter vehicles on the road. As far as I am concerned, they 
have gone out of their way to give us what sensible exemptions are 
required. I think that attitude goes — argues well for greater accept- 
ance of limited speexl and range. That is an important function. 

Senator Moss. Will it be necessary to have continuing dispensations 
or ultimately will you be able to comply with all safety regulations! 

Mr. Beaumont. The Department has long thought about writing 
regulations for low-speed limited-range lightweight vehicles. I believe 
when industry and the NHTSA have the time to sit down together 
and work these problems out, I believe electric vehicles can comply 
with all applicable Federal regulations. Yes; I think that can work 
out. 

Mr. Greenberg. We would agree with Mr. Beaumont that it all can 
be worked out. 

Senator Moss. That is a very hopeful note. 

I appreciate your coining. You are the people that are making and 
marketing the vehicles we are talking about. For that reason we are 
most pleased to have you come before the committee in order to pro- 
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vide us this important data. We thank you very much, and if we have 
additional questions that occur to us, we will send them to you in 
writing. 

Mr. Culver. Senator Moss, I wonder if you might hear us on one 
point that hasn't been mentioned so far today. I will be very brief 
as we have been so far. 

Senator Moss. All right. 

Mr. Ctjlver. H.R. 8800 contains a provision for loan guarantees for 
the development, production, and manufacture of these vehicles, as 
well as certain research. S. 1632 does not. We would hope that S. 1632 
will be amended to conform to H.R. 8800. As the Senator knows, I am 
sure, H.R. 8800 started life very much as S. 1632 appears today, but 
there are several differences in it. A major one is that S. 1632 does not 
as yet contain that loan guarantee provision. In order to put these 
vehicles on the road, H.R. 8800 represents a very balanced effort. We 
have to develop the market and the vehicle. The supply and demand 
have to keep pace with each other. All of us can make it just fine pro- 
ducing a few vehicles for a limited market. 

The demonstration program hopefully will expand our market. The 
loan provision will enable us and others to follow on to commence 
the production of these vehicles. It is as important as any other fac- 
tor. Certainly we have already heard what the bankers think of this 
from some other witnesses. This is not a conservative investment for 
a banker to make in the form of loan capital. 

By the same token, the state of the stock market notwithstanding, it 
certainly is not necessarily a good investment yet on the stock market. 
We certainly wouldn't recommend a widow or orphan to put his sav- 
ings or trust fund in the stock of this company. This is just the kind of 
new venture that requires Government assistance and hopefully if 
we have it now, we won't have to be coming back here in 3 years and 
then in 6 years and then in 9 years and say, "We need a little more 
help." 

Certainly, this is one of the fears this committee must face and 
we would like to be able to get over it. We need to be able to stand on 
our feet so we can go out and say, "We have a viable product. We have 
worked out all the problems and we are going to sell this to the public 
and the 'public is going to buy it in accordance with the free enter- 
prise system without subsidy from the Government." 

Now is the time to give us the help, when it will do the country some 
good and do us some good and we would hope the loan provisions, 
which would finance that — it is just loan guarantees, it is not costing 
the Government a dime — would be incorporated in H.R. 8800. We 
hope the Senate will pass H.R. 8800 as written. 

I asked Mr. McCormack why he called this a $160 million hill. As 
it is to be administered, it isn't. It won't cost the Government that 
much. The cars the Government buys under this bill, if the Govern- 
ment uses them, will be cars both from the conventional manu- 
facturers anyway, if they choose to disseminate them and put them 
in the hands of the public. If the Government buys them, uses them, 
they will remain a curiosity. We are anxious to get outside the cate- 
gory of being a curiosity. We want to see them in driveways around 
the country. If they are disseminated in such a fashion, presumably 
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ERDA, through us or whatever they settle, will sell them and recoup 
a substantial portion of the purchase price. There is a lot that wouldn't 
be recouped, the setting up of the lines to put them out. 

The second thing is, the $60 million for the loan guarantees, hope- 
fully there will not be very many defaults and the Government 
wouldn't be called upon to ante up the money to pay for these 
guarantees. 

So, the cost to the Government should be far below or just a small 
portion of the $160 million for it. 

Senator Moss. Thank you for your comments on that. We will con- 
sider them very carefully when we look at our bill. 

Thank you, gentlemen, we appreciate your coming. 

[The statement follows:] 

Statement op Leon G. Shahnasabian, Fbesident, Elcab Cobp. 

Mr. Chairman, as President of the Elcar Corporation, I and my accompany- 
ing associate, Mr. Robert L. Culver, appreciate this opportunity to appear before 
this Committee to express our views on the proposed Electrical Vehicle Re- 
search, Development and Demonstration Act. 

The Elcar Corporation, an Indiana Corporation, has actively been engaged 
primarily in market research and consumer dealer development for the past 18 
months to determine the actual need and public acceptance of a diversified means 
of transportation offered by an electric passenger car. 

We cannot Ignore the realization of barriers confronting us in technological 
and economic development, although we do know that we, the Elcar Corporation, 
and Sebring- Vanguard already have a viable commuter passenger car that fits 
the majority of today's transportation needs. 

The electrical vehicle popularity had reached its peak In the early part of this 
century. If we had the foresight and had continued the electrical-powered auto- 
mobile research and development, an earned share of the automobile market of 
today would have been in electric automobiles and trucks and would have con- 
siderably lessened the amount of crude oil already consumed. However, it is 
never too late to begin the development of alternate means of transportation. 

The Elcar Corporation already has available a very capable, basic two-pas- 
senger electric car. Due to our past experience and to the tremendous interest 
seen In these diversified means of transportation, we, the Elcar Corporation, are 
presently In the process of tooling up for the manufacture of our own American 
version of an electric van-style vehicle. This vehicle will accommodate four pas- 
sengers, can be used for light delivery service, is ideal for Governmental agen- 
cies, and could be made to comply with postal delivery requirements. With 
sufficient financial support, we could conceivably mass produce these vehicles 
In approximately six months. Mass production would result In cost savings 
which could allow competitive pricing In relation to the conventional gas-driven 
automobile. 

I. myself, and the Elcar Corporation sincerely wish to commend Mr. Moss, 
Mr. Humphrey, and other supporters of S. 1632 for the introduction of this bill. 

The contents of proposed S. 1632 are of utmost Importance in the introduction 
of electric cars. It Is designed to assist in the research and development of im- 
proved battery technology and also to encourage the smaller Independent manu- 
facturer like ourselves. With a certain amount of financial assistance and actual 
vehicle procurement commitment, It would be a certainty that our program could 
move rapidly ahead. We, being a privately capitalized corporation, have already 
Invested a considerable amount of capital in our development. If the House and 
Senate do determine the availability of funds for this purpose, we would wel- 
come ERDA funding to assist us in completing our development work to produce 
the multi-purpose commuter vehicles in sufficient quantities to satisfy Govern- 
ment evaluation and actual consumer usage. 

We extend our full support to the passage of this legislation and offer any 
assistance that we can provide. Too, we appreciate the look-to-t he-future attitude 
seen in this legislation that will open the eyes of onr countrymen to the diminish- 
ing oil resources and the environmental conditions of today. 

We feel the need to begin preventative corrective measures is now, and we 

mid not allow several lost years to slip by before a preventative program Is 
Elated. 
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Senator Moss. I would now like to have Mr. Forbes Crawford, 
president of Jet Industries and Mr. Spencer R. J. Cox, chairman of 
the board for Unique Mobility come to the table. 

We are pleased to have you before the committee and look forward 
to your testimony. As I said before, the statement will be placed in 
the record in full. We will ask you to highlight and emphasize the 
parts of your statement that you particularly would like to bring to 
our attention. 

Mr. Crawford, would you care to go first ? 

STATEMENT OF A. FORBES CRAWFORD, PRESIDENT, 
JET INDUSTRIES, LTD., NEW TORE, N.T. 

Mr. Crawford. Thank you, Senator Moss. 

I would like to do this sort of backwards, because of the last state- 
ment made by the previous witnesses. They were emphasizing the 
necessity of loan guarantees. I have an article here, which I am going 
to leave with the committee, out of Business Week for September 22, 
1975, which states that there is a tremendous shortage of capital and 
will be in the future, and that small businessmen will have a difficult 
time surviving under the serious capital position. 

A number of months ago in New York City when I contacted 
brokers with whom I had done business before, their response was, 
why should we put money — our customers' money — in a new busi- 
ness, new industry when we can get them into going businesses at a 
discount on the New York Stock Exchange or American Exchange 
at one or two times the earnings? 

Some of those bargains are still available. Since the June House 
hearings, we had a bank in New York agree to participate in an SBA 
guaranteed loan of their maximum of $350,000, if banks in our manu- 
facturing city of Seattle, Wash, would handle the mechanics of it 
and take a small part of it. 

None of the banks in Seattle would take it because they didn't 
know where the additional $1 million which we would probably need 
in the ensuing 12 months was coming from. Therefore, the important 
thing is, even though the Government may guarantee 90 percent of 
the loans for electric vehicle companies, the money may not be avail- 
able because banks and other lending institutions will have priorities 
with their biggest customers. And banks might violate their Federal 
Reserve requirements by making even an additional Government- 
guaranteed loan. 

The Business Week magazine — it's a special issue by_ the way — also 
emphasize that the banks and financial institutions will give prefer- 
ence to their larger and older borrowers. So I made a recommendation 
in my written statement that the administrator of whatever bill re- 
sults, may make direct loans to manufacturers of electric and hybrid 
vehicles if they are going to finance those, and to qualify for such 
loans, the manufacturer must have produced a prototype which can 
meet pre-1966 NHT safety standards, prevailing in the State in which 
the manufacturer resides. 

This would be in addition to the normal loan requirements such as 
access to facilities, management, and production abilities. Such loans 
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could be handled by already existing SBA offices on such formulas 
as may be developed by the administrator of the electric vehicle bill. 

In No. 6 on page 5 of my statement, I say as an alternative to the 
loans, the administrator may be authorized to make progress pay- 
ments to manufacturers of electric vehicles purchased by the U.S. 
Government up to 75 percent of the purchase price and 10 percent 
more on delivery, being allowed a 15-percent discount for having paid 
in full before delivered. This is made because, again in a tight money 
situation, a borrower might not be able to borrow on a U.S. Govern- 
ment account receivable. 

Now, a precedent for this suggestion is the fact that, I don't know 
whether it is the Department of Transportation, but it may be, are 
financing 80 percent of the Metropolitan Bus acquisitions. 

The foregoing, of course, falls in with the provision of H.R. 8800 
for purchasing vehicles. Those are the major considerations that I 
think the Senate should have in their bill, by having direct money 
available to qualified manufacturers of electric vehicles. 

Now, the other tiling which I recommended is that, to accelerate 
the production of electric vehicles, that manufacturers be required to 
conform only with individual State licensing requirements prior to 
1966 NHTSA safety standards. 

The reason I am suggesting that is, that although we are starting 
out with a small van which we import and convert to electric battery 
power, and which, but a few exceptions can meet NHTSA commer- 
cial safety standards, it does not comply with passenger standards. 
If there Is a vehicle on which a foreign manufacturer of the chassis 
and body has spent many millions of dollars developing it, producing 
it, and have had years of experience doing it and that vehicle does 
meet the safety requirements in the country of origin, the manufac- 
turer will not change for a limited number of vehicles for electric 
conversion. It is the vehicle which is shown on the picture on the front 
of my presentation here. 

[Picture follows :] 
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I would like to add one thing to what the previous witnesses said. 
That is the Citicar and Elcar are identical types of vehicles for com- 
muting between homes and offices and businesses in smaller communi- 
ties where the distance isn't too far where your normal speeds aren't 
very high. You take, for example, in New York City, you could 
probably run a CitiCar at a normal traffic speed across town with a 
couple of flashlight batteries. 

In other words, that is what happens in your bigger cities. You just 
don't need a lot of speed. So they are no hindrance to traffic. 

Another point I would like to bring out, which hasn't been brought 
out, that is there is the big problem in the big cities — and you may not 
see the development of the electric vehicle in the big cities — because of 
the high cost of the garages. Many of the places that have garages 
don't have electricity available for charging the batteries. If you had 
meters in big cities you would have a musical-chair situation every 
day, people trying to find a place to park and you would be competing 
with the internal combustion engines and where they have an al- 
ternate-side-of-the-street parking, there would be the same kind of 
thing going. 

In our own particular instance in three different cities where we 
have offices, we have problems finding places in executive's apartments 
to charge our batteries, so to speak. 

Senator Moss. Well, thank you, Mr. Crawford. Your full statement 
and the attachments you have made to it will be part of our record. 
I do appreciate it. I am going to have to postpone questions. 

In fact, those telephone calls I just received are telling me I have to 
go to the floor. I will ask counsel if he will stay and complete the testi- 
mony of Mr. Cox and then we will submit written questions, if there 
are gaps we want to have filled in or things that occur to us. 

I recall going over and seeing your car when it was parked over on 
the House side, and we are very appreciative of having you come 
here as well as having Mr. Cox come to give us the benefit of this 
information. 

Yon point out that the problem of getting financing is pretty diffi- 
cult in a new or untried area, and therefore, you would like direct 
loans authorized? 

Is that right? 

Mr. Crawford. This is not only true of new and untried business 
but any small businesses. 

Senator Moss. Thank you. I apologize, I must leave early. So we 
will carry on and adjourn the hearing when you get finished. 

f The statement and attachments follow :] 

Statement of A. Forres Crawford, President, Jet Industries, Ltd. 

ULTIMATE ELECTRIC ¥ 



Mr. Chairman and Gentlemen, the Commerce Department of a large Univer- 
sity was asked to make a feasibility studf of Electric vehicle potential. The 
staff first of all made an analysis of commercial vehicle use — that is — daily 
mileage and so on — with large representative samples of commercial vehicle 
asMS Id a metropolitan area. And the second thing they did was a fairly com- 
plex Study of commercial purchaser preference and basically concluded that : 
SMtrlc vehicles that were available were lacking in two respects : 
t. The high first cost. 
2. The limited range 
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The analysis showed that If either one of these factors and not necessarily 
both of them, could be significantly improved — that i.s. if the price could be 
brought down or if the range were increased there would be a very significant 
market Immediately. 

The study was made without knowledge of our vehicle's performance and price. 
When tbe utility company that had asked for the study, acquainted themselves 
with our vehicle they placed an order for what I believe is the largest number 
of electric vehicles of one make bought by any utility company in North Amer- 
ica — five to be exact. 

Our main production vehicle goes 45 mpli and 100 miles per battery charge. 
Tbe retail price is $4,800. It is a light delivery or service vehicle which can be 
used as a small station wagon carrying three passengers besides the driver. 

The following comparative figures were taken from various publications on 
Electric vehicles : 

ELECTRIC VEHICLE STATISTICS 



RaUilprin 116.330 JS, 500 15,558 "(4,100-4,900 

i Amaucan Moton Joe p. 

• lowest prict it lor MlNITHUK— hiiftwt tot ELECTRA VAN. 

Tbe EVI sold SO units of Battronic Vehicles to Public Utilities for testing. 

I recommend that Congress should set performance standards similar to ours: 
45 mph — 100 miles to a battery charge, for vehicles not exceeding 2,000 lbs. 
weight with batteries and various other standards for different weight & pay- 
load characteristics. 

japan's Industrial, Science and Technology Agency has earmarked $10 million 
for a five-year program. An agency spokesman says the first performance goals, 
a speed of 50 mph. and a range of 124 miles between charges, were "completely 
achieved" and improvements are under way. 

The Argonne National Laboratory in tbe U.S. estimates in the longer term 
that there could be as many as 1.8 million electrical vehicles on U.S. roads by 
the year 2000, requiring only 0.9%. of the electricity generated In the U.S. The 
laboratory thinks that within Ave years a battery five times more powerful than 
the current lead battery will be on the market, giving a 100-mile no-recharge 
radius to the small electrical vehicle, which compares favorably with some small 
gasoline-fueled cars now marketed. 

Now I would like to tell you how we arrived at our performance figures: 

Myself and my partner W. L. Bales have been associated with the electric 
battery and I/C-powered small vehicle business, probably as long as anyone 
present. 

In addition, as individuals (and I'm not speaking of corporations) we prob- 
ably have more of our own money Invested in electric vehicle development than 
anyone present. 

Many of you may know that many years ago when Ford Motor Co. decided 
to become interested In automobile racing, spending millions of dollars through 
their engineering staffs without the success they had hoped to attain. The com- 
pany made a deal with one of the best "Cut and Fit" engineers in the race car 
business, Carroll Shelby. From then on Ford was very successful in tbe race 
field. 

I like to think that, my partner, Bill Bales, Is to The Electric Vehicle business 
as Carroll Shelby was to the race car business in the U.S. 

Mr. Bales manufactured many thousand of 3 and 4 wheel golf cart and lndns- 
t I Electric Vehicles in tbe late 1950's and early 1960's until a large company 
Nj t bis company out. 
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He had experimented and worked with many different innovathists that karv 
been and are being tried ia Uk Be«rie vehicle Md. 

1. Electric motors cm each rear wheel. 

2. Combination of Internal Combustion and electric batiery powered drive. 
3 Converting conventional American Trucks to Electric Battery Power. 

4. Converting conventional American Automobiles to Electric Battery Power. 

In the early l'JSO's we recognised a need (or conserving fossil fuel and were 
partners in a small private truck manufacturing company that had developed 
a small American-made gasoline-powered vehicle to fill the market subsequently 
filled by only foreign-made gasoline-powered vehicles— Da tsun, Toyota, Uaada. 
Ford Courier and Chevrolet IXY pickups. 

In the late sixties we were developing an electric powered version of the 
aforementioned small van. It does perform along with the average of similar 
vehicles now on the market : 30 mph — SO miles per charge. 

However, even before the energy crisis of 1973 we believed that it was neces- 
sary to develop a performance of 50 miles per hour and 100 miles per charge 
to nave a commercially acceptable vehicle. 

Fifteen years ago we had previously been through the exercise of using golf 
cart components — suspensions, frames, steerings and etc. in trying to reach the 
commercially acceptable electric vehicle, with larger electric motors, controls 
and batteries, these would not bold up. 

Previous attempts to convert U.S. -made automobiles and trucks to Electric 
Battery Power hare been self defeating. Because of the Initial Wright of the 
frame, suspensions, steering, wheels, tires, body and etc. — large electric motors, 
controls and batteries have been needed to move the vehicles before you even put 
loads In them. 

We still have molds for making fiber glass bodies of our previous small truck 
which we have converted to electric battery power. There are two reasons why 
we do not plan to use them (1) They are too heavy for our targets of weight. 
(2) Petro chemicals used In making fiber glass objects would further deplete 
available fossil fuel ingredients. In addition to our present planned production 
vehicle, we have designed a frame and body of aluminum for our four wheel 
steered vehicle, and are making a prototype of larger van with as much alumi- 
num as Is possible to use — In order to attain maximum performance. 

Rather than go Into the long period of organizing production of all the compo- 
nents needed for the entire vehicle, we decided to try to find a small vehicle in 
high production somewhere in the world. We first bought some light weight 
Japanese I/C automobiles (not sold in the United States) bat on which there is 
a lot of experimentation in Japan. When we converted these to electric battery 
power, we were at first exhilarated because we were reaching our goals of per- 
formance. But alas, after considerable road testing they couldn't stand up to 
the extra weight of larger motors, controls and batteries. 

We then had a small commercial van manufactured to our specifications. With 
some beefed up suspension we attained our goals in December 1973. Subsequently 
we had the stronger suspension and other amenities such as sliding doors In- 
cluded in a newer model, which was on display here. We have reached our goals 
of 45 mph and 100 miles per battery charge. This brings me to tbe main thrust 
of my message to you gentlemen. 

To be realistic one must examine the history of small I/C vehicles after World 
War II. It wasn't until Volkswagens, Fiats, Renaults, Austins, and other for- 
eign-made cars began to penetrate the U.S. market to a substantial figure that 
U.S. manufacturers started taking the small cars seriously. What did they do? 
Instead of producing small cars In the United States, they started bringing in 
cars made by their foreign subsidiaries, and are still doing it. In addition, a good 
number of U.S. -produced compact cars contain many components Imported from 
tbe manufacturer's foreign subsidiary. 

When Da tsun and Toyota sales of pickups began to show a market for such 
vehicles, no U.S. manufacturer bas started to make them (other than our 
aborted effort) and Ford Imports the Courier Pickup and Chevrolet tbe I.UV 
Pickup. 

I am certain that the intent of the bill is to accelerate the manufacture and 
growth of electric vehicles as expeditiously as possible. To do this, would 
perhaps mean giving priority to vehicles designed to carry that average 350-1 b. 
load which a Chrysler engineer said was the average for pickups In the United 
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States. Our vehicle has a 700-lb. pay load. U.S. automobile manufacturers will 
not go into production of a new model vehicle unless they see 40,000 units per 
year. Maybe 20,000 if it Li a big-proflt item. 

In the first week of October this year. (iM has dismayed their new gas saving 
small car-made in their foreign subsidiary plants with the expectation of pro- 
ducing in the U.S. next year. Ford is coming out with a competitive model next 
year, probably made in their foreign plants. Both have a target of 40 MPG on 
highways. They are following in the footsteps of foreign competitors sncb as 
the V W Rabbit. 

The conclusions for rapid Electric Vehicle growth are to be made from the 
development of economy cars in the United States as outlined heretofore. These 
are: 

1. Light weight of the basic vehicle is the most important point in attaining 
maximum mileage for I/c engines. And this applies to the same with Electric 
Storage Battery power. 

2. Foreign design and engineering of light weight vehicles and components 
must be utilized to a maximum until they become available in the United States. 

3. U.S. manufacturers of such designs should be given priority encouragement 
by all departments of Federal, State and Municipal Levels. 

For Instance, besides the conversion of a Foreign small station wagon to Elec- 
tric Battery Power, we have ready for production a similar sized vehicle of our 
design. We use an aluminum frame and body, foreign suspensions and steering, 
and U.S. Electric Components (as much as possible). We are also building a 
prototype of a larger version (twice the weight) with an Aluminum Frame 4 
Body and U.S. Suspensions and steering. The production of our own requires 
lengthy plant facility, organization and jiersonnel development. We Intend to 
work on these as rapidly as |K>ssible after we start large production of the con- 
verted units. 

4. To accelerate production of all three vehicles the following is required : 

a. As much latitude on government regulations as is reasonable, mainly 
that converted and production vehicles be required to conform only with 
Individual State licensing requirements prior to the 1966 NUTS A Safety 
Standards (See Separate memorandum). 

b. The importation of complete vehicles for conversion to Electric Battery 
power without NHTSA approval of customs clearance be allowed with the 
disposition of the I/G engines to be made only with EPA approval and under 
NHTSA regulations if proposed for use in any special vehicle. This would be 
in the event that the motors were not returned to country of origin. 

5. The Administrator of the comprised Senate and House Bills may make di- 
rect loans to manufacturers of Electric and hybrid vehicles. To qualify for such 
loans, a manufacturer must have 'produced a prototype which, can meet pre 
1966 NHTSA Safety Standards prevailing in the State in which the manufac- 
turer resides, in addition to meeting normal prudent loan requirements such as 
access to facilities, management and production abilities. Such loans could be 
handled by already existing SBA offices on such formulas as may be developed by 
the Administrator of the EV bill. 

6. As an alternative to loans the Administrator be authorized to make prog- 
ress payments to manufacturers of electric vehicles purchased by the U.S. Gov- 
ernment up to 75% of the purchase price, and 10% more on delivery being 
allowed a 15% discount for having paid in full before delivery. 

These last two are probably the most Important provisions of an Electric Ve- 
hicle Bill. When we recommended loan guarantees for the House EV Bill, we had 
as an example a reasonably good assurance that the SBA would initially guar- 
antee a working capital loan up to the maximum of $350,000. We had a commit- 
ment from a New York Bank to take part of the guaranteed loan If any of the 
bank in our manufacturing city of Seattle, Washington would handle the me- 
chanics of the SBA loan and take at least a token part of it. 

None of the major/local banks would touch It because we could not assure 
them of where the additional $1,000,000 would come from, we would need daring 
the ensuing 12 month period, and probably $1,500,000 the following year if pro- 
duction and sales accelerated as we expected — without depending on U.S. Gov- 
ernment buying. One bank's president (an old friend and neighbor of mine) said 
we should make a Joint venture deal with a large company, immediately con- 
firming the contention of the Business Week article's that because of the devel- 
opment capital shortage, only the large companies would be able to tap capital 
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In N.Y. when asked about underwriting* brokers respond — "Why should wc 
get our customers Into a new business in a sew Industry with a new product, 
with no earnings when we can pnt them in going businesses at a discount — each 
as companies listed on the New York and American Exchanges at one and two 
times earnings." That was earlier this year but there are still a lot of bargains 
on the two exchanges. This explains the point and is the major reason why the 
U.S. Government will have to be in the direct loan business on making advance 
payments. 

Regarding relaxing the NHTSA safety standards as suggested In no. 4 of the 
foregoing. GM and Ford could have produced a 40 MPG Vehicle anytime during 
the last 50 years but they are doing It now for U.S. consumption. They and 
other large companies will not get involved in small economical electric vehicles 
until competition forces them to and that is from 5 to 10 years in the future. 
Therefore NHTSA regulations should be relaxed to enable new participants Into 
the E/V field. 1 am thinking of Recreation Vehicle manufacturers around the 
country. They have the personnel, plants, management and experience In buy- 
ing various vehicle components, making all or parts of the bodies. That puts 
them ahead of someone starting from scratch. All they have to do differently is 
to install the electric motors, controls and batteries instead of I/C motors, fuel 
tanks and accessories. 

Additionally, manufacturers, experienced in small electric vehicles manufac- 
turing, such as golf and industrial vehicles (Including fork lifts) can be encour- 
aged to go into commercially feasible E/V production. I think of the two, the 
latter should be given priority attention, because marrying the right electric 
components to vehicles are generally more successful when done by people with 
the E/V experience. 

Some will come up with unprofitable products but good old American Com- 
petition will result in the best units surviving. In order to give all facets of the 
E/V production spectrum a chance to take oft at the starting gate, manufac- 
turers should be allowed to meet only State licensing requirements prior to the 
1966 NHTSA Safety Standards. 

In a desist order to Motorcycle Manufacturer Yamaha on its advertising, 
the Secretary of Transportation made the statement that any four wheel ve- 
hicle with sides was safer than a two wheel vehicle. Apparently, Yamaha had 
inferred their motorcycles were as safe as some automobiles. 

Therefore, since cigarette packages are required to have the label : 

"WARNING : The Surgeon General has determined that cigarette smoking is 
dangerous to your health." 

"This vehicle does not meet the 1975 NHTSA Safety Standards but It can be 
licensed under pre-1969 (or 1966) requirements for licensing by individual 
States. It ia considered to be more prone to occupant injury in the event of colli- 
sion that vehicles meeting current NHTSA Standards." 

The manufacturer could have a small label underneath which reads : 

"The manufacturer of this vehicle considers It considerably less prone to 
occupant injury than motorcycles and even more so than bicycles." 

SUUUAB.V 

Recommendations to be considered — paragraphs of the foregoing : 

4. (a) Electric Vehicles be required only to conform with Individual State 
licensing requirements prior to the 1966 NHTSA Safety Standards. 

(b) Complete vehicles for conversion to Electric Battery power be allowed to 
be Imported without NHTSA approval of customs clearance. 

5. The administrator be allowed to make direct loans to manufacturers of 
Electric and Hybrid vehicles. 

it. As an alternative to loans or guarantees, the Administrator be authorised 
to make progress payments to manufacturers of electric or hybrid vehicles pur- 
chased by the U.S. Government, up to 75% of the purchase price, and 10% more 
on delivery, being allowed a 15% discount for having paid in full before delivery. 

[From the Seattle Times, Aug. IT. 1970] 

Yamaha Agrees To Adjust Safety Claims 

The Federal Trade Commission and the Yamaha International Corp. signed a 
consent order banning the motorcycle manufacturer from saying certain things 
about motorcycle safety. 
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In announcing the agreement, William C. Erxleben, F. T. C. regional director, 
said the company had been advertising that motorcycles;, "with proper instruc- 
tion, can be Just as safe (as a car)." 

Erxleben said "almost every statistic" proves otherwise and that the consumer 
agency felt the advertising was misleading. 

The advertising, which ran In 1973, was part of a Yamaha "Learn To Ride" 
program. 

Erxleben commended the concept of motorcycle-training seminars, but ques- 
tioned the validity of the safety contention. 

"No matter bow thorough your training. In tbe event you become involved in an 
accident you will be less safe from Injur; while riding a two-wheel veblcle weigh- 
ing several hundred pounds than when riding in an enclosed four-wheel vehicle 
of one to two tons," he said. 

He said the agency and Yamaha recently conducted an Independent survey of 
the program's 140,000 participants. The survey showed that a "considerable num- 
ber" of those who attended tbe seminar felt a motorcycle was as safe as a car, 
be said. 

To correct tbis Impression, the F. T. C. has required Yamaha to send a letter to 
each of the participants clarifying contentions of motorcycle safety, Erxleben 

Yamaha, one of the world's largest motorcycle builders, won't be required to 
run "corrective advertisements" for any misleading information disseminated. 

The consent order, Erxleben stressed, is not an admission by the firm that any 
law has been violated, but carries the force of law with regard to future action. 

Bioobaphical Sketch of Jet Industries, Ltd. 

Jet Industries, Ltd. Is a Delaware corporation organized for the manufacture 
of electric battery powered and other vehicles. Its products consist of a small 
ELECTRAVAN with conventional steering and a similar sized MIK1TKUK with 
a four wheel steer for convenient parking. The latter vehicle also has a gasoline- 
powered version attaining 40 miles per gallon. In addition, they are developing a 
larger all aluminum electric van (except for running gear). Production facilities 
are in Texas and B. C., Canada. 

The principals of the company are : 

A. Forbes Crawford, President— who Is also president of a Canadian company 
of the same name and Forbes International, Ltd. of Canada. Previously he was 
president of a truck manufacturing company and a tractor manufacturing com- 
pany. In addition he has been associated with tbe investment and commercial 
banking business, as well as having interests In other manufacturing businesses. 

W. L. Bales, Executive Vice President — Is also president of Bales Engineering 
Co. of Texas, and a major shareholder in a number of private businesses. Previ- 
ously, he has been tbe chief executive, founder, and a major shareholder In a 
truck manufacturing company, electric golf cart and industrial veblcle manu- 
facturing company, and snowmobile manufacturing company. 

Electbic Vehicle "Bbeakth rough" 

Jet Industries has engineered ■what it believes is a "Breakthrough" in Electric 
vehicle design with its current models of HIGH PERFORMANCE, LIGHT 
WEIGHT, RUGGED AND FLEET FOOTED PRODUCTS. 

In predecessor companies the principals of Jet Industries bad engineered and 
produced many thousands of three & four wheel electric industrial vehicles and 
golf carts. In addition, the; had headed companies manufacturing tractors, snow- 
mobile and gasoline powered trucks. For many years they had been experiment- 
ing with the conversion of the trucks to electric battery power with reasonably 
satisfactory results. 

When the energy crisis of 1078 erupted, efforts were concentrated on up dating 
the engineering and design work on electric vehicles for better performance. It 
was concluded that the major problem of the electric vehicle industry was a mat- 
ter of weight versus available energy. B; endeavoring to convert existing pro- 
duction trucks to electric power, too much of the energy was expended moving 
the vehicle, the weight of which had pyramided because of tbe need for larger 
electric motors, controls and batteries. On the lower end of the spectrum, golf 
cart components — suspensions, steering, frames and etc. were not adequate for 
larger motors, controls and batteries to attain performance goals of loads, speed 
and distance per charge for satisfactory commercial use. 
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Jet Industries used Automotive and Aircraft techniques to develop new light 
commercial and passenger vehicles which in their opinion, nave substantially 
attained the goals needed for a successful commercial application. The Company 
has developed two very utilitarian types in this field : 

1. A station wagon-van with very finished body, Interior and workmanship 
with conventional steering, multiple doors by driver's compartment, sides and 
rear, called ELECTRA-VAN. 

2. A very Rugged strictly commercial type of Van with attractive appearance. 
It has four wbeel steer (known as scissor-enabling It to park In congested park- 
ing space without having to back In), called MIN1TRUK. 

JET'S VEHICLE STATISTICS 

Miles Per Hour: 40-55; Miles per Battery Charge: 75-100. (Dependent on 
gearing required for level or hilly terrain.) 

Retail Price: ELECTRA VAN $4,800*, MINITRUK on Request. 

■Includes Kouthwind heater — not shown on demonstrator. Plus one twelve volt 
battery for auxiliaries. 

Demonstrator will be in mldtown for next week. Phone 212-689- 

9470 for appointment. Movie of four-wheel steer MINITRUK la also available. 



)y Google 



SPECIFICATIONS 



r 220V 
5.20 ■ 











g- 




117.9- 

SI 




ght 




63 












go Bed length 




71 .1 














i)ht 






Glial i 


« 


19* Lbl 




c Cip*c1ty (Opt 
Ctrl* Syst.. 

Motor 


) 


I Std 








P » 1500 






25 1 




rgtr 


SMC 11 M] 


NITBUK 



<5 HPH 

00 Mil 



BOO* 1 FRAME 




)y Google 



Scissor Stee< 



we s^ 



"^ 




„ Google 



ss/- 







•Shtiff 



stummm electric nmpiOT.in. 






S— ' J—B-i-AJ £— £_ 






„ Google 




Mi 1 
■widiSSj 

,-•■'■ 'Slfi»'l 

: :,>--!§' ill 




' niiSiiiHS.i 



E 
S 









„ Google 



Tlu4 VLUUt U o good S1MU.W OF 
USTKUS. UP. ftM RWP * TtKK i 
utith JET't exeducti at tin* o( &> 



Alternatives 
to the 
Conventional Engine 

CARS— SET sSSSii 

1-1^^1-« .n|i™n hive dclcimiKd llui .ppm.inuu 

"Ljff m^J (if eittrty would tit required ■ Ihr mawi 01 

ANOTHER 3SS~i§ 

COMEBACK? SSSE^g 



OH 



;K;r; 



tan Thil wd IH in IKi By the iphn E of Ihi m>rmji|» ilk h.v.ir, «!i m r .: r »n of Ur iIk! in 















„ Google 




„ Google 




„ Google 




„ Google 




„ Google 




72 Volt All Electric 

60-100 MILE RANGE - 40 MILE PER HOUR-^i. l/stf*/ 



„ Google 



The New Modern Concept 

ALL ELECTRIC 1 / 2 TON 




FEATURES: Off-street exit for driver — Large extra wide sliding cargo doors both sides 

— One piece rear door stays open in any position — Roomy, cabin — shod turning radius 

— Long service Hfe .. . very little maintenance — The light commercial van of tomonow 
Here today 
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Mr. Jaffe. Mr. Cox, would you like to begjnyour testimony, please? 
Mr. Cox. I would like to introduce John 8. Gould who is the found- 
ing president of our company. 

Mr. Jaffe. It's a pleasure to have you here today. 

STATEMENT OF STENCER £. 3, COX, CHAIRMAN OF THE BOARD, 
UNIQUE MOBILITY, INC., ENOLEW00D, COLO.; ACCOMPANIED BY 
JOHN S. GOULD, PRESIDENT 

Mr. Cox. We will try to summarize our 10-minute testimony and 
will make the comment we have a 6-minute slide presentation that you 
may like to preview. In the course of the 8 years of our company we 
produced several hundred multipurpose vehicles but we have only pro- 
duced one electric vehicle. 

In the last 3i/> years we have done considerable testing and refining 
on that vehicle. As a matter of fact, some of the performances that we 
have had to date are much higher than anything that has been spoken 
of in this room today. Our primary concept on all vehicles that we 
produce is to place them in our rental agencies that are similar to Avis 
and Hertz. We feel very strongly that the electric vehicle in its initial 
phases must be geographically controlled to insure proper mainte- 
nance to those vehicles. 

We feel there couldn't be anything more detrimental to consumer 
acceptance than a man who owns an electric vehicle and can't get it 
repaired. When we move on and talk about other parts of the bill I 
think there is one part that we would like to emphasize. That comes 
under the safety and insurability. Wc wholeheartedly endorse the 
word safety but feel that there should be a very liberal approach to the 
safety standards initially set until this industry has an opportunity 
to evolve. Insurability — we have experienced the high cost of new 
products in the insurability area. We really feel there should be some 
considerable study and possibly allocations or incentives given in that 
area. 

We are happy about the section on small business, because we are 
a small business. We also would like to recommend to the Senate com- 
mittee that they incorporate the loan guarantee sections of H.R. 8800. 
Specifically, we would like to see the single borrower be able to borrow 
up to $15 million and we say that with one thought in mind. We have 
an attached article, appendix 2 to our testimony, that Chrysler will 
be introducing the Simca car, one model, one version of that car in 
1976. They expect to spend $250 million on introducing that car when 
they already spent and build millions of these cars in Europe. 

In the last section referring to technology, we would like to see that 
totally unrelated to a section on loan guarantees. Specifically, in Gen- 
eral Motors' testimony, they referred to the House that they had spent 
$50 million, or anticipated spending $50 million for alternative power 
source research and engineering expenditures for 1975. 

We would like to see that section increased to at least the $50 mil- 
lion level for the next 5 years. We feel that there is a lot of people in- 
volved in this, and in order to produce the successful electric vehicle 
industry, the criteria of dollars is most important. 

Thank you. 

r. Jaffe. I understand that you would like to make a slide presen 
on. Would you want to begin that now ? 
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Mr. Cox. If you have the time we would like to take 6 minutes. 

Mr. Ckawzobdl As a matter of fact, if after he shows the slide, if 
some people would like to see about an 8 minute movie of a new vehicle 
which we have developed, I have a projector here- This is one of the 
reasons why we are anxious to have some latitude under the N'HTSA 
Safety Act because ours is a 4-wheel vehicle. 

For example, we have a deal with British Electric, and Portugal 
and other places to build a vehicle in Europe. 

Mr. Jaffe. Why don't we begin with the slide presentation. Then 
afterward, if people would like to remain and see your film presenta- 
tion as well, that will be fine. 

One point, for all the witnesses, the committee will possibly be send- 
ing supplemental questions to follow up on some of the points raised 
in the hearing. A certain amount of time will be allotted about 2 weeks, 
in order for you to respond to those questions before the hearings are 
closed. 

Thank you very much. 

[The statement and attachment follows :] 

Statement or Jim Cox, Cbaibman of the Boaed of Unique Mobility. Inc. 

Senator Moss and members of this committee, I am Jim Cox, Chairman of the 
Board of Unique Mobility, Inc. With me today is the founder and President of 
our company, John Gould. We are honored to have been Invited to appear liefore 
your committee and make comments on H.R. SSOO and S. 1632. 

Unique Mobility la a email publicly held company headquartered in Engle- 
wood, Colorado, a suburb of Denver. December of this year will mark the eighth 
anniversary of Unique. During those years we have assembled several hundred 
multi-purpose vehicles and one electric car. To date, we have spent three and 
one-half (3^ ) years in assembly, testing and reflning that one electric vehicle. 

In recent years most of the vehicles we have produced have been shipped to 
Florida and Arizona and then rented to the consumer through rental agencies we 
have established, in a method simitar to Hertz, Avis and others. Tliis experience 
has taught us that geographically controlled fleets allow for proper mainte- 
nance. Through this method of fleet maintenance and geographical control we 
intend to introduce our Unique electric vehicles in order to prove their utility. 
We do not Intend to sell onr product to the individual consumer. We recognise 
that it will probably take resources far beyond ours to put the electric car into 
the family garage. Successful demonstration of electric vehicle fleets, we hope, 
would encourage our country's major automobile manufacturers to fill that gap. 
This new industry must evolve through the years, in much the same way as the 
television industry has in the last thirty years. In addition to this bill, the electric 
vehicle industry must solicit the voluntary support for current "off the shelf 
component parts and services, new technology, finance, insurance and consumer 
acceptance from our major automobile manufacturers, battery manufacturers, 
utility companies, electronics industry, plasties industry, aerospace industry, 
banking and investment banking institutions, insurance industry and not to be 
overlooked, the news media. 

We feel that companies like ours in this new industry can lay good founda- 
tions for Its future growth with the help of H.R. 8800 and S. 1632. 

Unique Mobility on behalf of our stockholders extend our warmest congratula- 
tions to the House of Representatives, the Senate, this Senate committee, all of 
those who hove given and will give testimony and to the multitudes or believers 
who have contributed to the progress of electric vehicles. 

The future of the electric vehicle and its contribution to our earth may possibly 
depend on the passage of this legislation and the successful Implementation of its 
objectives. With this spirit for success we would like to contribute the following 
comments on H.R. 8800 and S. 1632 : 

Management 
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Development and Demonstration Act of 1975." In our opinion this director needs 
to be a creative and Innovative person. The act la very encompassing and the di- 
rector could become very fragmented in carrying out the "policy's ends and goals" 
of the act. 

Demonstration 

h.b. b800 sec. 7(d)(1) une 9, s. 1632 sec. 7(b) line 13 

We strongly suggest the "development of initial performance standards and 
criteria" be treated on a very liberal basis throughout the course of this act, so 
as not to impair or discourage the evolutionary progress that will take place with 
time and experience. 

Vehicle Safety and Insurability 
u.k. 8800 sec. 1(b)(1) line 20, b. 1882 bbc. t (b) line 24 

Safety — we wholeheartedly endorse the word but it may also imply massive 
amounts of money depending on the criteria set. 

Insurability— thbj could be the demise of the total act. We have experienced 
the high premium of new product risk cost. Allocations or incentives should defi- 
nitely be considered in this area. 

Vehicle Introduction 

H.B. 8800 SEC. Hani), B. 1632 BBC. 7(C)(2) 

This entire section Is an object of our concern. Maintenance facilities must be 
provided within a reasonable radius wherever electric vehicles are being used. 
The words "lottery will insure widespread use" are frightening when related to 
eventual consumer acceptance, If a person cannot get his electric vehicle repaired. 
We would also suggest restrictions to warm weather climates Initially. We would 
suggest expert testimony from Don Crane, Director of Fleet Management for the 
U.S. Postal Service, on the subject of radius maintenance. Also of further assist- 
ance might be General Electric's Electric Vehicle Control Department in Salem, 
Virginia, and any of the battery companies regarding performance of lead-add 
batteries In cold weather climates. 

Encouragement and Protection of Small Business 

H.B. 8800 SEC. 10, 8. 1682 

We ure very encouraged by this section because we are a small business. At the 
rink of repeating ourselves, we feel we need the voluntary support of many liig 
businesses, too. 

Loan Guarantees 

h.r. 8800 sec. 11, s. 1632 no provision 

We feel that Senate incorporation of loan guarantees is Imperative to the 
success of this legislation. 

We would like you to consider having this* total section stand on Its own merits 
and l>e unrelated to Section 13. We believe most companies planning production 
or in production will probably try to qualify under this section. 

H.B. 8800 SEC. 11(D)(1) LINE 23 



We solicit your consideration to Increase the amount of guarantee of any loan 
for a single qualified borrower not to exceed $15,000,000 and the aggregate 
amount of guaranties outstanding under this section at any one time not to 
exceed S300.000.000. 

The attached Appendix A, an article from the Minneapolis Tribune date Mon- 
day, June 30, 1075, reported by the New York Times Services, may be of interest 
to you. I would like to direct your attention to paragraphs 5 and 6: 

"The reason that Chrysler executives decided on the Siniea car, a source said, 
was that "we know what we have. All the bugs have been worked out. And we've 
a million front- wheel -drive cars in Europe." 
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Estimates within the company are that It will cost the company about $250 
million to |300 million to build In this country. There will be some saving in the 
tooling costs, the source said, since existing tools in France can be copied. 

Our major automotive manufacturers know what the price tag is to introduce 
a new model car to our society. Under this act we must be attempting to prove 
the concept of electric vehicles. Is it not reasonable to consider the approximate 
cost of introducing one new model with what is trying to be accomplished under 
this act. 

APPROPRIATIONS AND APPROPRIATIONS ACTS II.R. 8800 SEC. 19(A) LINES «-T 8. 1A32 

We would solicit your consideration to exclude from II.R. 8800 the phrase 
"Including the payment of loan guaranties and Interest under Section 11." 

With regards to the dollar allocations referred to In this section, from 1976 
through 1980, we would like to refer you to the statement of General Motors 
Corporation given to the House Committee on Science and Technology on H.R. 
5470 page 2 and quote, "Our total alternative power source research and engineer- 
ing expenditures for 1975 are expected to be about 50 million dollars." 

We suggest that you may consider it reasonable under this act to allocate 50 
million dollars or more each year through 1980, without having Section 11 spill 
over into this section. 

We would like to express our sincere thanks to the Committee for the invitation 
to appear here, to each of you for your time and, hopefully, for your considera- 
tion of our thoughts. 

[From the Minneapolis Tribune, Jane 30, 1B70] 

Chrysler To 'Use Sivca as Model for U.S. Car 
(New York Times Service) 

Detroit, Mich. — Chrysler Corp. has decided to use a Slmca car that will be In- 
troduced In France this fall as the model for a compact it plans to build and sell 
In the United States. The earliest possible introduction date will be the 1970 
model year, according to sources within the company. 

The sources emphasised that the Chrysler version would have a body style 
designed here and many modifications to the drive train, such as a more power- 
ful engine and an automatic transmission to suit the tastes or American 
consumers. 

"We will build a whole new car," a company source said, "not just put a 
Chrysler shell on a Slmca frame." 

The Slmca 1801 special has front-wheel drive, with an engine that Is mounted 
sideways and a transmission that sits under the engine and uses the front axle 
as a drive shaft. 

The reason that Chrysler executives decided on the Slmca car, a source said, 
was that " we know what we have. All the bugs hare been worked out. And we've 
built a million front wheel -drive cars in Europe." 

Estimates within the company are that It will cost the company about $250 
million to $300 million to build in this country. There will be some saving In the 
tooling costs, the source said, since existing tools In France can be copied. 

The new car will be only one of a series of subcompact cars that Chrysler 
plana to deliver. A source said that versions of Mitsubishi cars in Japan also are 
being planned. 

The plans are part of a SI -billion program to redo most of the company's cars 
by 1960 with the over-all aim of making them smaller and more efficient. 

The source said that it was primarily the pressure from the Ford administra- 
tion and Congress for the automakers to make big Improvements in fuel economy 
that led Chrysler to go ahead with Its subcompact program, which has been 
on-again and off-agaln since 1969. 

The Chrysler source pointed out that the market for domestic subcompacts has 
sagged considerably since the height of the energy crisis, when they were captur- 
ing about 14 percent of the total car market. Domestic subcompacts accounted 
for only 7 percent of the market In recent months. 

[Whereupon the hearing was adjourned to reconvene on Friday, 
October 10, 1975.] 
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ELECTRIC VEHICLE RESEARCH, DEVELOPMENT, 
AND DEMONSTRATION ACT OF 1975 



FRIDAY, OCTOBER 10, 1975 

U.S. Senate, 
Committee on Commerce, Special 
Subcommittee on Science, Technology, and Commerce, 

Washington, B.C. 
The subcommittee met at 10 :15 a.m. in room 1318, Dirksen Senate 
Office Building, Hon. Frank E. Moss presiding. 

OPENING STATEMENT BY SENATOR MOSS 

Senator Moss. The hearing will come to order. This morning the 
Special Subcommittee on Science, Technology and Commerce will 
conduct the second day of hearings on electric vehicle legislation. 
Two bills are before the subcommittee: S. 1632 and H.R. 8800, 
both entitled the "Electric Vehicle Research, Development, and Dem- 
onstration Act of 1975." I introduced S. 1632 on May 5, as a companion 
bill to H.R. 5470. The latter bill evolved into H.R. 8800, which was 
passed by the House on September 5 by a vote of 308 to 60. 

During Tuesday's hearing we heard from Representative Mike Mc- 
Cormack of Washington State, who introduced H.R. 5470, as well as 
representatives of the electric vehicle industry. Today, we will hear 
from another strong supporter of H.R. 8800, Representative Richard 
Ottinger of New York, as well as two Government agencies concerned 
with new automotive developments : the Department of Transporta- 
tion and the Energy Research and Development Administration. 

We will also hear from representatives of a major industrial and a 
major academic laboratory, as well as an electric vehicle manufacturer. 
Hopefully, with the information developed earlier by the House, and 
the new information being developed by these hearings, the Senate 
Commerce Committee will have a firm basis for judging the merits of 
the proposed legislation. 

Electric vehicles are hardly newcomers to the American scene. In 
fact, there were more than 100 U.S. manufacturers of such vehicles in 
the early part of this century. However, due to the availability of large 
quantities of inexpensive petroleum, the internal combustion engine 
gradually replaced the electric car, and few such cars were built after 
1930. 

Today, the conditions which led to the rapid proliferation of in- 
ternal combustion engine vehicles no longer exist, at least in their 
original form. No longer is fuel so readily available, and it certainly 
is no longer cheap. Motor vehicles as a class have been identified as the 
(115) 
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largest single contributor by weight to our national air pollution 
problem, and consume as much petroleum each day as we import from 
foreign countries. So, clearly, .something has to change. 

Two options come quickly to mind : Improve the fuel consumption, 
omissions, and other characteristics of traditional vehicles; and de- 
velop new types of vehicles which minimize these problems. 

Electric vehicles fit into this hitter category. They offer the promise 
of improved energy efficiency, as well as reduced emissions and noise. 
Most importantly, they provide a means by which to reduce motor 
vehicle demand on petroleum supplies. With electric cars, the required 
energy can come from a variety of sources: solar, geothermal, coal, 
nuclear, wind, and so forth. 

It is for these reasons that the Congress is paying careful attention 
to the electric vehicle option. However, as we heard in the testimony 
on Tuesday, it is also recognized that electric vehicles have their prob- 
lems. Since the early days of this century the fundamental problem 
has been the same: The energy that can be stored in a reasonable 
weight of batteries limits the vehicle's range and performance. Hope- 
fully, some of our witnesses today will address the subject of advanced 
battery systems which show promise of overcoming these problems. 

I will conclude these remarks by stating that I believe that electric 
vehicles will play an increasing role in our national life. It was the 
overwhelming opinion of the House of Kepresentatives that the quick- 
est way to define this role for the electric vehicle is by means of a 
demonstration program which will place present and future state-of- 
the-art electric vehicles out into every region of the country on a timely 
basis. 

The House 1ms clearly stated the opinion that the time for action is 
now, not 8, 10, or 20 years down the road. And I tend to agree. The 
country is facing many serious problems, and we can no longer delay 
in trying to solve them. 

At this point, I would like to turn to our first witness, the Honorable 
Richard L. Ottinger of New York. Representative Ottinger has been 
a leader in this field, one of its most vigorous spokesmen, and we are 
very pleased to have you before the committee today. You may pro- 
ceed, sir. 

STATEMENT OF HON. RICHARD L OTTINGER, TJ.S. 
REPRESENTATIVE PROM NEW YORK 

Mr. Ottinger. Nice to be with you. Senator Moss, as we share many 
mutual interests. You have been a pioneer in this field and I appre- 
ciate your taking the time and trouble to push this legislation along 
today. 

I am glad to appear in support of the Electric Vehicle Research 
Development Act of 1975, H.R. 8800 and see it through. I have been 
interested in the development of electric vehicles for many years, in- 
troducing legislation in 1966 to start electric car research which was 
adopted as an amendment to the Air Pollution Control Act. 

This year I introduced legislation, H.R. 7506, to promote research 
on electric and hybrid automobiles. During the past months, I have 
been actively involved as a member of the House Science and Tech- 
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nology Committee in the drafting of H.R. 8800, and I am proud of 
the bill that has evolved from the work of our committee and the 
committee staff. 

I welcome this moment to share with you my thoughts on some of 
the specifics of this legislation, some of which are not covered in 
S. 1632. 

First, I would like to reinforce the need for legislation such as that 
before you. A paper presented by Mr. P. A. Nelson of the Argonne 
National Laboratory at the Third International Electric Vehicle Sym- 
posium in Washington last February stated that : "the introduction of 
electric cars by about 1985 and a gradual build up to a total of 18 
million cars on the road by the year 2000 would result in a cumulative 
savings of petroleum of 1.3 billion barrels of oil." 

A study by the Center for Strategic and International Studies at 
Georgetown University titled "Understanding the National Dilemma" 
showed that in 1970 energy conversion losses from transportation are 
greater for transportation than for all the major energy-using sectors. 

Not only would the use of electric vehicles save on the demand side 
of the energy coin, but it also would affect the efficiency of power 
source utilization since most electric generation would occur at off- 
peak hours, particularly at night. At the present time powerplants 
must be banked down at night because of the drop in demand. 

The bill before you, H.R. 8800, is a very definite thrust to create a 
market and a development of vehicles for that market which hope- 
fully will expand Mr. Nelson's projections. 

I am not going to go into the sections of H.R. 8800 which deal with 
the scale and timing of the demonstration. The chairman of our com- 
mittee, Congressman McCormack discussed the three-part develop- 
ment program. However, I would like to stress two important in- 
clusions which are of particular interest to me : the inclusion of hybrid 
vehicles, and provisions to assure participation by small business. 

In 1972, a market study commissioned by the Electric Vehicle 
Council showed that 42 percent of the people in this country would be 
interested in buying a short-range limited-speed electric car, and this 
is precisely the market that is envisioned by our legislation. Statistics 
from Battelle Memorial Institute presented last April at the Design 
Engineering Conference, indicate that a 20-mile travel range would 
suffice for 50 percent of the urban trips of all U.S. auto drivers, while 
a 40-mile range would cover 67 percent of such trips. I think from the 
testimony that we have heard that this is possible with current state 
of the art. 

Fd like to say I demonstrated two different vehicles in my district 
and they all developed not only a tremendous outpouring of people 
curious in seeing the vehicle and trying it out, but a tremendous 
demand and letters that come to me asking where they can get one. 
I think there's no question of the demand for such vehicles as a 
limited-use, second car. and I'm sure you and I use a vehicle just to 
get from our homes to the Capitol every day. 

It's completely feasible today and it ought to be pushed forward. 

The future of electric vehicles is far greater than the current state 
of the art, for all electric vehicles. The potential exists for combining 
electric generation for urban driving with other systems more effi- 
cient for highway use on an all-purpose energy saving vehicle that 
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would also be virtually non polluting. It is therefore important to 
include concurrent research and development of those hybrid systems 
which may combine such technology as sterling engines, flywheels, or 
more efficient internal combustion engines with an electric propulsion 
system. 

By combining different forms of energy there is the possibility of 
increasing the range of electric powered vehicles and still permitting 
significant energy savings and controlling of pollution. I note that 
S. 1632 does not include hybrids and would urge strongly that they 
be added. 

Second, I wish to stress that a great deal of the research and devel- 
opment of electric and hybrid vehicles has been done by small com- 
panies. It is very difficult for these companies to get funds to promote 
promising technology. Inventors may lose all rights to their inventions 
if they are turned over to major companies and there is no real in- 
dication that major companies will push such developments. 

Therefore, H.R. 8800, section 10, deals specifically with the encour- 
agement and protection of small business by specifying that the 
Administrator of ERDA shall reserve a reasonable portion of the 
funds for contracts with small business, devise contract terms, condi- 
tions, and payment schedules to assist in small business, meeting the 
special needs of small business concerns, and make available planning 
grants for developing, submitting, and entering into such contracts. 
The loan guarantee provision in section 11 of H.R. 8800 with its 
limitation of $3 million to any one concern is particularly established 
to meet the requirements of small businesses. 

Electric propulsion systems for cars have been underestimated and 
put down for too long, both in trade and popular publications. There 
has been a good deal of misinformation as well. Just recently Con- 
sumer Report issued a blast at safety problems with two cars which 
had nothing to do with their electric propulsion systems but rather 
with their body design. Unfortunately, this got headlined "Electric 
Cars Declared Unsafe." 

The energy-saving and pollution-abating potential of electric cars 
hasn't been made clear nor their current feasibility. The legislation you 
are considering can do much to help achieve the great potential of 
these vehicles. 

I certainly congratulate you on your effort to put this forward and 
I hope we can finally see a real push to the electric vehicle market 
achieved through legislation with both you and the House design. 

Senator Moss. Thank you very much for your excellent testimony 
and for your leadership that extends back over a number of years in 
regard to the utilization of electric propulsion for vehicles. 

You state that in your home district it's a curiosity to see an electric 
car, and people gather around because it is a curiosity. Is it your 
opinion that the widespread utilization of electric vehicles that the 
bills would require would change the electric vehicle from a curiosity 
to something that is more acceptable because the public knows more 
about it? 

Mr. Ottinoer. I think so, without question. When you tell them of 
my experience with the car which I demonstrated 3 years ago with 
the battery made by the company who then made the batteries for 
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our Moon missiles, it cost 50 cents to charge up your batteries. Those 
batteries go in the 300-mile range versus what it costs today to nil a 
tank of gasoline to go the same distance. 

It becomes a very attractive opportunity for people. And they are 
anxious to know if they can get them. The situation is such that they 
are not really available in production quantities throughout the coun- 
try. I hope we can promote that. 

Senator Moss. The rise in petroleum costs have tilted the economics 
more toward the electric vehicle. Is that your point ( 

Mr. Ottinoer. I think so. Of course, if we got into mass production, 
it would make a tremendous difference. In 1966, I tried to persuade 
the Post Office Department, Larry O'Brien was then the Postmaster 
General, to acquire electric vehicles for the Post Office fleet. Since the 
silver zinc battery was very expensive, I tried to persuade him to 
get the Treasury to rent out the silver, which it presently pays to 
store — instead of having to make those payments, to derive income 
from the renting out of the silver on the basis for electric cars. 

And we came within a small fraction of persuading him to do it, 
I think this is an avenue we should pursue: and that is, having the 
Federal Government create a market for those vehicles substantial 
enough so that their mass production could bring the price down 
evenlower. 

Senator Moss. The Washington Post last September 17th published 
an editorial and entitled it "Federal Aid for Electric Cars, and ex- 
pressed reservations about the passage of H.K. 8800, and I quote from 
that editorial : 

The direct Intervention of lite Federal Government on this scale Into Improv- 
ing and merchandising an existing product Is a dubious proposition. If, as one 
of the bills sponsored put it, industry Is waiting for a market and the consumer 
In waiting for an Industry, they'll find each other soon enough without the Gov- 
's help. 



What is your response to that editorial ? 

Mr. Ottingeb. Well, today we have an energy crisis of very serious 
proportions, as well as, too often forgotten, the pollution threat to our 
national health. The introduction of the electric vehicle would make 
a substantial difference since the internal combustion contributes to 
more than half of our pollution and uses about 25 percent of our fuel. 

Whereas the market and the production may meet eventually on 
their own power, so to speak, in the course of time, I think that with 
guaranteed loans and with some accelerated Government research on 
batteries, we can hasten the day when this development takes place. 

And I think that is worth doing because of the important national 
objectives that are involved. 

Senator Moss. The President is suggesting $100 billion be devoted 
to research and development in order to find alternate sources of fuel 
because of the petroleum prices we are experiencing. What amount of 
money would be involved in funding H.R. 8800 ? 

Mr. Ottinoer. I dont remember off the top of my head what the 
figures were. But thej- certainly were modest compared to that $100 
billion standard. 

Senator Moss. I think it's around $160 million. And part of that is 
loan guarantees, so probably the Federal Government wouldn't have 
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to expend even that much. The point I am making is that these sums 
are minute, in light of the recent call by the administration for a crash 
program to develop new energy supplies. 

Mr. Ottinger. One of the things that really concerns me is that this 
country is a tremendous waster of energy. If we could reduce our 
wasteful consumption of energy by just the figure of 1 percent, we 
wouldn't have an oil crisis. We wouldn't have a gap at the present 
time. All the administration efforts are to increase the supply side of 
the equation, but with very expensive programs. 

There are lots of difficulties with that. Whereas the ability to con- 
serve energy, the electric car is one small element of that, it just is 
not being utilized. And I think our action should be far greater than 
that. You're going to hear from Mr. Heller and I'd like to impress 
that on him very strongly, that where lip service is given by the ad- 
ministration to conservation — the dollars and the effort and the per- 
sonnel the agencies are putting behind that effort is infinitesimal. 

I hope he will help us to change that focus, because each barrel of 
oil saved — virtually any of the things we have talked about in the 
conservation field is going to cost a fraction, compared to gasification 
of coal or through the other exotic new energy forms that we're talking 
about. 

Senator Moss. Thank you very much. I do appreciate your coming 
to testify before us this morning, Mr. Ottinger. And, again, let me 
commend you for the good work you're doing in this field. We hope 
that out of these hearings will come additional data so that we'll be 
able to act on this side and then perhaps in conference with the House, 
produce a really meaningful bill. 

Mr. Ottinger. Very good. I appreciate your efforts. 

Senator Moss. Thank you. 

We will now ask Dr. Fred Holzer of Lawrence Livermore Labora- 
tory and Mr. Ormsby, vice president and general miinager, Research 
and Development Division, of the Lockheed Missiles and Space Co. 
to testify — I'm going to ask Mr. Ormsby to speak first and then in- 
troduce Dr. Holzer. 

I must say we have an intriguing and complex subject to discuss; 
and we have very limited time. So, I'm going to ask all of the wit- 
nesses who appear this morning to attempt to condense and summarize 
as much as possible. We'll put the written statements in the record in 
full for use of the committee and the staff and study them carefully. 

We'll ask you to go ahead, Mr. Ormsby. 

STATEMENT OF ROBERT B. ORMSBY, VICE PRESIDENT AND GEN- 
ERAL MANAGER, RESEARCH AND DEVELOPMENT DIVISION, 
LOCKHEED MISSILES AND SPACE CO., INC. 

Mr. Ormsby. By starting right at the nut of the problem, it's no 
secret that one of the current performance limitations on electric 
vehicle capabilities is the poor energy storage capability of that sys- 
tem. We need to improve greatly on the 14 watt hours per pound that 
is the current standard of lead batteries and achieve at least 100 to 150 
watt hours per pound before the public can expect to have a car that 
will perform pretty much like his current liquid-fueled automobile. 
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A lot of work has been done to discover the optimum electrochemical 
cycle. And one of the things we want to talk about today is the sub- 
ject of a joint proposal by Lockheed and the Livermore Laboratories 
to ERDA, based on the study made in our laboratories a few years 
ago. 

I'm talking about the action of metallic lithium with oxygen ; the 
source of that oxygen may be water or air. This particular electro- 
chemical reaction contains 6000 watt hours of energy in the labora- 
tory. We recognize laboratory figures are not representative of opera- 
tional systems, but an operational system based on this laboratory 
performance should achieve about 200 to 300 watt hours per pound. 

As a matter of fact, we have developed systems and have operated 
such systems which deliver this performance. These svstems have 
been developed for military applications such as torpedo Batteries. An 
automobile using this concept would require, say, 30 kilowatts of 
power; and it appears this could he put in a passenger automobile 
weighing about 2,000 pounds. 

Again, in the interest of time Dr. Holzer will talk more about wliat 
that automobile would look like. Let me introduce a paper prepared 
by Lawrence Livermore Laboratories entitled "Lithium Air Battery" 
dated April 9, 1975. 

Senator Moss. Thank you. We will read it with great care. 

Mr. Ormsby. Let me not go into the details of how it works, but let's 
talk about how the operator would see it. Rather than recharge a bat- 
tery which is the current method of using lead acid cells, a lithium- 
powered automobile would be taken to a "filling station" and there 
the lithium which had been consumed would be contained in a lithium 
carbonate solution. That solution would be taken out of the car and 
new plates would be put in the automobile and the car could then 
be driven off. 

This filling station stop would take around 15 minutes, a significant 
advantage over secondary cells which have to be recharged over a 
considerable period like 5 to 8 hours. I don't want to leave the impres- 
sion that all we need to do is to start out and put a little money in the 
program and drive out in such an automobile in a year or two. 

There are a lot of problems to be solved and I want to emphasize 
that we have achieved this kind of performance with a working cell, 
but translation of that into an automobile and working out the eco- 
nomics takes some time and resources. One of the areas that must be 
examined is the economics of the use of lithium. There appears to be 
more than an adequate source of lithium, particularly when it is 
realized that the lithium is recycled, not consumed. It is reprocessed 
and stored in the solid state. 

We think the known reserves, identified resources, are more than 
adequate for a substantial lithium automobile system. And I'm talk- 
ing about a market here of around 20 million lithium cells. 

Now, if these preliminary calculations are correct, it would appear 
that the lithium system would be competitive with a conventional auto- 
mobile system if the cost of the fuel, lithium fuel, can be achieved 
at around 65 cents per pound of recycled lithium. Again, we think 
that could be done ; but it needs further work to verify that. 

Well, that is background ; and we would like to comment on pro- 
posed legislation. The current proposal contemplates a careful 5-year 
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development for solving many of the problems inherent in introducing 
a new technology. We think that in parallel, Government laboratories 
such as Livermore, should conduct investigations of the technology 
because that is a very important aspect of the total economics. 

We urge the Senate in its consideration of S. 1632 to consider ex- 
tending the research and development effort to at least 5 years. With 
large scale demonstrations of lithium or other advanced chemical 
systems so the Nation could benefit from a full performance of the 
electrochemical automobile. 

We urge that the funding level in H.E. 8800 be reapportioned to 
allow a total program of 7 years duration again with new technology 
demonstration vehicles procured in the 6th year of the program. 

I mentioned several times our joint effort with Livermore Labora- 
tories, let me introduce Dr. Holzer, deputy director of Livermore 
Laboratories to offer further commentary. 

Senator Moss. Thank you. We look forward to hearing from you, 
Dr. Holzer, and then I may have questions for each of you. 

[The statement follows :] 



Mr. Chairman, Lockheed welcomes this opportunity to testify on the pending 
legislation concerning Electric Vehicle Research, Development, and Demonstra- 
tion, together with oar fellow researchers from the Lawrence Livermore Labora- 
tories of EKDA. Lockheed especially wishes to note the timeliness of such legisla- 
tion because, in our judgment. If a well-conceived effort to bring the electric 
vehicle into competitive use is launched this year, It will probably succeed in 
just about the time-space available prior to significant depletion of our domestic 
reserves of petroleum, about ten years. The technical logic of the bill is funda- 
mentally quite sound, for there are few ways to operate an automobile in the 
forthcoming electric economy other than the electric storage/electric propulsion 
technique. 

Since transportation is the largest single consumer of energy in the nation. It 
Is eminently sensible to invest research efforts 1m pursuit of an acceptable electric 
vehicle. It la no secret that the limitation on electric vehicle performance today 
(and for the next few years) Is the poor energy storage capability of present day 
batteries. We will need to Improve greatly upon the 14 watt-hours per pound 
standard of lead batteries and achieve at least 100 to 150 watt -hours/pound of 
energy storage before the public can hope to have vehicles with performance that 
is useful enough to complete with liquid -fueled vehicles. 

Fortunately, a variety of electrochemical storage couples have been devised in 
recent years which offer the promise of meeting these goals. The proposed legisla- 
tion is most timely in that EKDA has the strong possibility of developing a full- 
performance battery over the next five years. One of these candidates Is the sub- 
ject of a joint proposal by Lockheed and the Livermore Laboratories to ERDA, 
and Is based upon a fundamental discovery made in our Palo Alto Research 
Laboratories a few years ago, the electrochemical reaction of metallic lithium 
with water and oxygen (or air). 

The lithium-air couple will liberate just over 6,000 watt-hours of energy in the 
laboratory. Fundamentally, this couple is the most energetic electrochemical 
reaction known and offers, for the first time, a whole new technology which is 
competitive with the gasoline-air couple, and superior in many ways. 

I hasten to add that a complete system will include a considerable amount of 
ancillary equipment and will not realize the high theoretical energy density 
value of the basic couple, but a practical system should achieve 200 to 300 watt- 
hours/pound of system weight, well beyond the threshold of useful storage, to 
point of fact, military systems developed by Lockheed have already achieved 
energy densities comparable to those for audi applications as torpedo batteries 
and sonobuoys. The automobile system of say, 30 kilowatts of power, when In 
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stalled in a passenger car erf 2,000 pounds curb weight will provide it with a use- 
ful range between refueling of 200 mile*. Its acceleration from to 40 miles per 
hour will be 10 seconds, and It will be able to attain a maximum cruising speed 
of 00 miles per hour. 

I wish to introduce at this point a report prepared by the Lawrence Livermore 
Laboratories, entitled: "The Lithium -Water- Air Battery: A New Concept for 
Automotive Propulsion," dated April 9, 1975, which contains a detailed ex- 
amination of this technology and its clear Implications to national energy needs. 

I do not wish to dwell at length today upon the workings of the lithium cell, 
except for its Implications to the pending legislation. The lithium cell technology 
allows the motorist to change over to electric vehicles with a minimum of dis- 
location. Not only is the performance of his vehicle similar to the gasoline auto- 
mobile In speed, range, acceleration, and load capacity as earlier exemplified, 
but refueling would be accomplished simply by exchanging lithium byproducts 
(lithium carbonate) for new lithium anodes at a fuel station. Rather than re- 
charge a battery for five to eight hours, we propose to operate in the manner of 
a fuel cell, wherein fuel (lithium) and oxidiser (air) are continuously con- 
verted to electric power and byproducts. The byproduct, lithium carbonate, is 
recycled back to lithium for reuse. Thus, the operator of the vehicle requires 
about 15 minutes to "recharge" or refuel his vehicle. 

I do not want to leave the impression, Mr. Chairman, that this technology has 
been sufficiently developed to allow its exploitation and Installation In electric 
automobiles without an extensive program of research, development, prototype 
building, and evaluation. Not only are there many problems yet to be solved 
in the engineering realization of this battery to a car application, but the eco- 
nomics of producing lithium and recycling its waste product lithium carbonate 
will have to be examined In detail. 

For Instance, the domestic production of lithium was 5,000 tons In 1974, and 
the known reserves are 500,000 tons. This is considered to be sufficiently ade- 
quate for the introduction of lithium batteries on a reasonably large scale if 
production rates are increased above today's level. Expansion of the domestic 
supply will have to occur if very large scale demands of lithium batteries, say 
20 millions, were to be realized. Identified resources, at present not exploited, 
In the Imperial Valley of California and the Great Salt Lake of Utah, account 
for almost 1,700,000 additional tons. Lithium recycling from its carbonate, on 
the other hand, at present is done on a laboratory scale. It will have to be scaled 
up to highly efficient Industrial plant size to insure that the price of the re- 
processed lithium is sufficiently low to allow competitive automobile operating 
costs. Along these lines, calculations by Lockheed and Livermore indicate that 
a coat of about $.65/pound of recycled lithium is required and probably achiev- 
able. I'd like to stress, Mr. Chairman, that the recycling scheme recovers about 
90% of the lithium carried In the automobile, there by ensuring a small nseage of 
the domestic resources of this metal. 

In view of the newness of this technology Lockheed's proposal to EBDA con- 
templates a careful, five-year development schedule for solving the many en- 
gineering problems inherent to introducing a new technology. In parallel, Liver- 
more will conduct basic Investigations of the technology and research of the 
technique or recycling of the byproduct, lithium carbonate. Both organizations 
will investigate the many implications to society of large-scale Introduction of 
the technology in automobiles. 

Lockheed urges the Senate In Its considerations of S. 1632 to consider extend- 
ing the research and development effort to at least Ave years, with some large- 
scale demonstrations of lithium or other advanced electrochemical systems to 
follow that time in order that the nation may benefit from this full performance 
electrochemical automobile. 

We urge also that the funding level described in U.K. 8800 be reapportioned 
to allow a total program of seven years duration, with "new technology" demon- 
stration vehicles procured and deployed in the fifth and sixth years of the 
program. 

I have referred to our proposed joint effort with Lawrence Livermore Labora- 
tories several times today because I am convinced that a closely knit government- 
industrial team will be needed right from the outset of the program. I wish 
now to Introduce Dr. Alfred Holzer, Deputy Director of Lawrence Laboratories, 
to offer commentary. 
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STATEMENT OP DR. FRED HOLZER, DEPUTY DIRECTOR, 
LAWRENCE LI7ERHORE LABORATORIES 

Dr. Holzkb. Thank you, Mr. Ormsby. 

Mr. Chairman, I appreciate the opportunity to appear before this 
committee today on behalf of the Lawrence Livermore Laboratory. We 
at Livermore have for a long time been concerned about the total 
dependence of the transportation sector, and in particular the private 
automobile, on petroleum. The energy to generate electricity, to power 
industry, and to heat homes, can all be obtained from a variety of 
fuels; present cars and trucks depend entirely on oil. We believe that 
the development of a practical electric vehicle offers one opportunity 
to decrease this dependence and introduce other fuels into the trans- 
portation sector. 

The heart of such an electric vehicle must be its energy source. The 
absence of a battery able to propel a practical automobile has up to 
now prevented such a vehicle's successful development. I would like 
to convey to you some of the reasons why we at Livermore believe the 
Lockheed invention represents a breakthrough capable of fulfilling 
this role; why we regard this class of batteries as unique; and why we 
are so enthusiastic about the prospect of joining Lockheed in this 
project. 

I also want to modify this optimism with a word of caution : The 
research has not yet been done, and our joint proposal is still being 
evaluated and considered by the ERDA. The document which Mr. 
Ormsby submitted to you, and some of our more recent work, repre- 
sents a preliminary examination only. Nevertheless, this examination 
has suggested the potential which might be realized by research on 
advanced concepts. 

I would like to show you the first table in my testimony; it lists 
some of the specifications we believe could be achieved in a full-per- 
formance electric vehicle powered by a lithium primary battery. I 
will explain and elaborate on these numbers later in my testimony. 

[Table I follows:] 

TABLE I 

Vehicle performance and upecification goals 

Range miles '200 

Cruise speed miles per hour 00 

Acceleration 0-60 miles per hour seconds 25 

Vehicle curb weight pounds 2,000 

Weight of batteries do 500 

1 Can be readily extended. 

Dr. Holzer. As you can see, we believe that a range of a minimum of 
200 miles, which can be readily extended, can be achieved with a 
speed of 60 miles per hour, and an acceleration of 25 seconds to 60 
miles an hour ; this is comparable to many of our existing smaller auto- 
mobiles today. 

The total vehicle weight would be about 2,000 pounds, about one- 
quarter of which, or 500 pounds, would consist of the battery. 

Figure I shows a very schematic view of one cell of the lithium 
water battery. 

[Figure I follows :] 
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It is really quite a different battery than the one we are used to. A 
lithium plate forming the negative electrode and an iron screen — 
the positive electrode — are pressed together with a force of up to 30 
pounds per square inch. When a load is connected to the terminal, and 
an electrolyte is introduced, the cell can be discharged with very high 
power and energy. Rather than shorting out internally, as one might 
expect, a thin, strong film forms on the lithium surface, separating it 
from the screen. Separators or spacers are therefore unnecessary and 
high performance is obtained. In the lithium-water-air battery, the 
positive electrode is a specially treated graphite plate. 

As current is drawn from the battery, more and more of the lith- 
ium dissolves into the battery electrolyte. For proper operation the 
concentration must be controlled ; we believe this can be done by pre- 
cipitating the lithium in solution with carbon dioxide, CO x , forming 
lithium carbonate. By now, I think that some of the special charac- 
teristics of this battery are becoming clear to you ; like other primary 
batteries, it cannot be electrically recharged but can be mechanically 
recharged or refueled by a new supply of lithium plates. Sixteen 
pounds of lithium would propel this vehicle about 200 miles; an 80- 
pound charge would extend this range to 1,000 miles. The lithium 
consumed is not destroyed but would be recovered from the lithium 
carbonate and reprocessed into new electrodes. This requires electric- 
ity ; in that sense the battery is "recharged." 

An artist's concept of the service required by a vehicle operating 
on the lithium battery is shown in figure II. Carbon dioxide would 
be replenished and lithium carbonate removed every 200 miles, and 
new electrodes installed every 1,000 miles. 

[Figure II follows:] 
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Dr. Holzer. Another design concept for this battery is to combine 
it with an advanced secondary battery — an all-electric hybrid. The 
secondary battery with a 50-mile range could power the car for all the 
short trips (perhaps 75 percent of the mileage) and could be recharged 
in the normal sense. The lithium battery would be reserved for those 
occasions which require higher speed and range. Under those condi- 
tions C0 2 would only be needed on the average every 800 miles, and 
lithium replacement every 4,000 miles. We believe operating costs for 
this dual-battery hybrid would then be competitive with gasoline- 
powered cars and provide comparable performance. 

Another important point to make with respect to this figure is the 
following: A great deal of work is needed before one might hope to 
see the first such "service station." Much research, development, and 
demonstration is needed on the basic battery. Much is to be learned 
about the processes underlying the operation of this battery; lithium 
reprocessing techniques must be analyzed and improved ; and optimum 
vehicle design must be determined ; and the area of economic, environ- 
mental, and social implications must be thoroughly examined and 
evaluated. 

We believe an orderly program to carry out this needed research 
may require about 5 years. This should be followed by a prototype 
testing and evaluation program which might take an additional 3 to 5 
years to complete. It is our belief that the potential of such a full- 
performance electric vehicle warrants starting the initial research. 
Thank you very much, Mr. Chairman. 

Senator Moss. Thank you, Dr. Holzer. That is a very intriguing 
exposition of the kind of research you are doing now and the possibili- 
ties of developing a fuel cell or a battery, whichever you are going to 
call it, with the use of metallic lithium. And this does have great 
promise. 

Does this lithium battery provide electric current that is comparable 
to the lead-acid battery? I am thinking in terms of your hybrid. Do 
you just go over from one to the other utilizing the same amount of 
voltage and all the rest? 

Mr. Ormsby. Yes. The vehicle we are talking about is a vehicle 
which has a lithium cell, as well as a secondary type battery, and the 
lithium cell could be used to charge the battery at traffic lights and so 
forth. 

So. yes; the kind of electricity is the same kind. 

Senator Moss. Would the hybrid increase the weight of the vehicle? 

Mr. Ormsby. A little bit; yes. But we are not trying to get the big 

range out of the rechargeable system. And therefore the weight is not 

as it would be if you are trying to get 200 or 300 miles out of the 

secondary cell. 

Senator Moss. In other words, you are saying you would have a 
normal-size Ie,ad-acid battery take over in certain situations? 

Mr. Ormsby. It would be bigger than the lead acid you see in your 
current automobile, but not as much as a vehicle solely powered by a 
secondary cell. 

Dr. Holzer. Mr. Chairman, we see that if one could develop a hy- 
brid vehicle embodying two advanced batteries, one a secondary one 
and one a primary one, one could perhaps realize the advantages in- 
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herent in both of these systems, that is, the speed and the range 
inherent in the lithium battery, together with some of the improved 
economics and normal recharging procedures inherent in the second- 
ary battery. 

Senator Moss. In the recommendations that you both make for a 
longer period of time to be mandated in the legislation due to the need 
for further research and development, wouldn't it be possible to go 
ahead on lead acid batteries right now. and this research continue 
concurrently ? 

Mr. Ormsby. It could. I guess our position is that we dont think 
that should proceed at the expense of the more sophisticated system. 
That is really the po int we are trying to make. 

Senator Moss. When Congressman Mike McCormack was before 
us, he said that batteries are a primary area in which the experts agree 
that major progress can be made in a short period of time. 

Dr. Edward David of Gould, Inc., testified before Representative 
McCormack's subcommittee, that a new lighter weight nickel-zinc bat- 
tery could be developed at competitive prices within 2 years, if a 
vigorous development program were initiated today. 

Do you agree with that statement ? 

Mr. Ormsby. We have a slide here ; and I would like Mr. Galbraith 
to comment on it. 

Mr. Galbraith. Mr. Chairman, if I may extend Mr. Ormsby 's re- 
marks a little. There is no question that a nickel-zinc battery can be 
developed. It, however, would fall short of the objective of developing 
an electric car which had utility comparable to a gasoline engine car. 
It would be superior in energy density to the lead-acid car. You can 
get a lot of this into prospective by an examination of this tabulation. 
What we are showing here is the theoretical and practical potential 
of almost all of the couples that are known electrochemically. 

We have modestly put lithium-water-air at the very top of the list. 
It is, however, probably the most energetic couple we know of, and its 
total energy density is essentially comparable to that of gasoline cars. 

Nickel-zinc, as you can see, does represent an improvement over a 
lead battery, potentially. 

I don't want to take a thing away from it, but it does have its own 
peculiar difficulties, and I think Dr. David's testimony is probably 
accurate. It can be made into a useful device in a reasonable time, but 
does not offer the potential of an ultimate solution to the problem. 

Senator Moss. You are saying it is a step up from lead acidi 

Mr. Galbraith. It doesn't offer the possibility of a full-performance 
car that could compete with a gasoline engine car. But it is better than 
a lead-acid battery car, I would think. 

Thank you, Mr. Chairman. 

Senator Moss. Would you consider it economically feasible to press 
the development of intermediate batteries, while we are waiting for 
the lithium cell to be developed ? 

Mr. Ormsby. I would recommend that — you see there are a lot of 
options there. I wouldn't think we would recommend spreading our 
resources across the range of possibilities. We agree witli the develop- 
ment of the current technology. But we feel strongly that we should 
be concentrating at the upper end of that scale where we see the possi- 
bility of competing with the current gasoline automobile. 
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Senator Moss. What are the safety implications of lithium-water 
batteries? Do they pose any special problems in the event of vehicle 
collision ? 

Mr. Ormsby. Yes. Any time you have a high-energy source stored 
in a compact space, you have a hazard. So any system which packs a 
lot of watt hours into a given pound or volume such as gasoline, must 
be considered from a safety standpoint. It is one of the things that 
would be looked into with the development program we are talking 
about. 

Senator Moss. Would a reasonable proposal be to develop some type 
of fracture- proof container, would that answer the problem ? 

Mr. Ormbby. That is a possibility ; yes. 

Senator Moss. As you know, these bills that we are currenty con- 
sidering have a demonstration program. This provision you have sug- 
gested might have its time schedule extended. But do you see any 
advantage in going ahead with demonstration now, rather than post- 
poning it awhile ? 

Mr. Ormsby. The program as proposed in the two bills? 

Senator Moss. Yes. 

Mr. Ormsby. I think there is an advantage to it. Our concern is that 
the primary thrust of the bills be devoted solely to that. The objec- 
tives of the bill, as you commented earlier today, such as increasing 
public awareness, and so on, would be important byproducts. Our con- 
cern is that the effort be limited to that. I think there is a hazard that 
the public would get a restricted view of what an electric automobile 
could be and can do if the bill in its current form is enacted and 
implemented. 

And I think that is a disadvantage of concentrating the effort on 
the current technology. 

Senator Moss. So, although you think a demonstration program 
would be worthwhile, you believe we must continue to place signifi- 
cant emphasis on research and development to develop the fuel cell 
that you have been discussing? 

Mr. Ormsby. Yes. I think ultimately the American public can expect 
and should have a vehicle that performs as near as possible to what 
we have become accustomed to in terms of comfort, economy, and so 
on. 

The only way we see to do that is to go into the development of the 
more sophisticated system in conjunction with the shorter term 
solution. 

Senator Moss. You indicate that your program contemplates a re- 
cycling of the metal lithium. How common is lithium as a metal? Is 
it highly expensive or is it rather common ? 

Dr. Holzer. Perhaps I can answer that question, Senator Moss. Our 
present lithium production in the country is not very large. It's some- 
thing like 5.000 tons per year. It's primarily limited because its use 
is quite restricted at this time. Our resources, however, are much larger 
than that. 

The total reserves, meaning recoverable at present prices, are some- 
thing like 400,000 to 500,000 tons. The resource in other presently 
uneconomic deposits is about 2 million tons. So we have quite a bit 
domestically. In fact, your state of Utah has about half of the 
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Senator Moss. 1 was going to gel in a plug about all the mineral re- 
sources we ha ve in Great Salt- Lake. 

Dr. Holzek- In that case, let me get a plug in for California which 
has almost all of the other half. 

The electrochemistry of lithium, is much like that of sodium. And 
sodium these days is produced at a price which is roughly comparable 
to the one that Mr. Ormsby mentioned, about 70 cents per pound 
lithium equivalent. So I believe we're quite well off with respect to 
future lithium supply. 

Senator Domenici. What does the 2 million tons equate to in cars) 

Dr. Holzek. I think I can answer that. We believe 25 million electric 
vehicles might require something like 400,000 tons of lithium. Now, 
that is actually twice the loading in the vehicle itself. 

Let me make that a bit clearer; 25 million vehicles would actually 
carry something like 200.000 tons of lithium around with them and 
another 200,000 tons may be assumed to be going through the recycling 
process at the time. 

Senator Moss. In the reclamation of metallic lithium, electric power 
is required. How does that figure into the equation of the expense of 
using this type of battery as against, say, a lead-acid battery i 

Dr. Holzer. This expense, of course, is reflected in the price of the 
recycling of the lithium, Mr. Chairman, and again present prices and 
present costs have to be taken with some cautions because the quanti- 
ties recycled and used are so small. At present they're higher than 
what I've mentioned and can be quite misleading. In our conversa- 
tions with representatives of the Foote Chemical Co., the largest pro- 
ducer of lithium in our country, we understand that costs could be 
substantially reduced as soon as one talks about sizable quantities. 

Mr. Ormsby. Currently, it's being done on a laboratory scale only. 

Senator Moss. Well, I find this very intriguing and certainly it in- 
dicates the possibility of getting a fuel source that is almost com- 
parable to gasoline utilized in an internal combustion engine with 
respect to the rate of acceleration, speed of travel and all the other 
factors we expect of passenger automobiles. 

If we could have the charts, any that have not yet been submitted, 
placed in the record, it may fee that after we. have studied them, we 
may want to write and ask you additional questions because this is 
really opening a new field of inquiry. And it's very important to us. 

I'd like to nave my colleague from New Mexico ask any questions 
he may have. He seems to be as interested as I am. 

Senator Domenici. Let me a-sk you this: I'm not on the Commerce 
Committee but I'm on Public Works and have developed a genuine 
interest in where we're going in R. & D. efforts in terms of alternate 
energizers for individual mobility. 

Now you say that you're working with ERDA now. Is that correct ? 

Dr. Holzer. I think Mr. Ormsby might answer that. I represent the 
Livermore Laboratories which is operated for ERDA. 

Senator Domenici. But this project is negotiating with ERDA. 

Dr. Holzek. That's correct. 

Senator Domenici. How does this mesh with existing law ? 

Dr. Holzer. Well, perhaps I can just spend a minute telling you 
how this came about. As I indicated, we at Livermore have been quite 
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concerned with the energy problems that we have in general and fo- 
cusing on transportation, which is a very large energy user, in parti- 
cular. We realized, as the committee has, that electric vehicles offer 
one possibility or opportunity to diversify the use of energy in 
transportation. 

In so doing, we came rather quickly to the realization that present 
battery systems do have severe limitations ; and after all, the battery 
is the heart, of the electric vehicle. In seeing where the forefront of 
research and development was being done in the battery field, we be- 
came aware of the work at Lockheed. We talked extensively with their 
people and as part of that interaction, became aware of many of the, 
things that we at Livermore could perhaps contribute by joining with 
Lockheed in broadening, accelerating, and supplementing Lockheed's 
capabilities and directions that Lockheed was taking. 

This is essentially how these joint proposals which are separate but 
complementary came about. 

Senator Domenici. Is Lockheed's interest basic R. & D., or to pro- 
duce a commodity or product? 

Mr. Ormsby. Both. 

Senator Domenici. If we had a full-scale Federal program going 
and your venture was funded, do you expect any problems with refer- 
ence to the proprietary interest? Are you worried about that at this 
point or not; 

Mr. Ormsby. We have the fundamental patent on the lithium-water 
couple. We have done some development since that time for the mili- 
tary and that work, of course, belongs to the customer. 

And so it would he similar to that in previous documents where 
the efforts are funded by the Government and the rights vested in the 
Government. We do want to retain our fundamental patent which was 
done on our own. 

Senator Domenici. In your negotiating with ERDA, has the ques- 
tion of your retention of the fundamental patent if you complete a 
project come up? And if so, how is it being treated ? 

Mr. Ormsby. It hasn't come up. We submitted the proposal ; and it 
is being reviewed. Obviously, in the negotiation of such an effort or 
contract, that question will come up. But it hasn't yet, at least that 
is my understanding. 

Mr. Galbraith. We have offered to negotiate a mutually acceptable 
clause and we are not fully aware of what ERDA's posture will be. 
So we really can't answer the question very well. 

Senator Domenici. I think it is going to cross all R. & D. efforts in 
new kinds of energizers for mobility. For example, the problem is 
rampant throughout the jet propulsion study which claims new auto- 
mobile engines can be phased in 10 years into part of the fleet. 

If you go with the Federal project of the size they are saying, where 
are the automobile manufacturers and their existing rights? And how 
do you join them together? What is the finished product? Who owns 
it? Do you get their cooperation or not, as you move through it? 
Perhaps you are in a little different area but it permeates it. 

In Senate bill 1883, there are provisions for a new prototype auto- 
mobile? Are you aware of that bill? 

Mr. Ormsby. Generally ; yes. 
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Senator Domenici. Is ERDA the appropriate umbrella for all of 
this research, or does it belong in something like DOT or some other 
department? Could you express some views on that ? 

Dr. Holzer. I clearly cannot, Senator. I believe it would be very 
presumptuous for me to do so. I would hope that you might pose that 
question to the Government witnesses which are following us here. 

Senator Domenici. I assume all of you know enough about the 
R. & D. process that is going to be needed and that it crosses many 
spectrums. I also assume you are aware that ERDA is vested with 
that general power. When we created them, it was to bring unity to 
the energy field and they have the general authority to involve them- 
selves in mobility R. & D. of the type we are talking about. 

Do you think that is a good concept ? That we have one major agency 
evaluating where we ought to be going among the diverse 



Dr. Holzer. My personal opinion is that it is. And perhaps — let 
me express one other thought on this, if I may. 

I personally very much like ERDA's approach of involving indus- 
trial research and industrial companies in energy endeavors. We at 
Livermore are not going to produce or sell batteries or other devices. 
Our interest is to further the rapid and sensible introduction of all 
energy technology, or as many technologies as we can, into the com- 
mercial, industrial market. 

And in this sense I am very pleased with the approach ERDA has 
taken. And it is for this reason that I am personally very enthusiastic 
and optimistic about a joint endeavor such as the one that we hope 
to engage in. 

Senator Domenici. You are aware that it is the AAPS division of 
ERDA that is involved in this program that we are speaking of? 
When it was first in EPA and went then to ERDA, it was called 
AAPS. Is that who you are dealing with ? 

Dr. Holzer. We have submitted our proposal to the Energy Storage 
Division of ERDA. 

Senator Domenici. If you were to assume that the AAPS division 
is the principal ERDA department for this whole field we are talking 
about— alternative engines, electric energizers — would you give us 
your opinion, based upon the condition we are in in this country, if 
$10 million is adequate annual funding for such a program? 

Dr. Holzer. I am sorry. I am really unable to answer that question, 
sir. 

Senator Domenici. Do either of you have a comment in that 
regard? 

Dr. Holzer. For our own project, on the order of about $1.5 million 
for the first year, and a total of roughly — and I am talking now about 
both Livermore and Lockheed together — of perhaps $15 million over 
5 years. 

Senator Domenici. When you say jointly, is that half each? 

Dr. Holzer. Roughly. 

Senator Domenici. It would be $7.5 million as the Government's 
half over the 5 years, more or less ? 

Dr. Holzer. Total Federal expenditures of $15 million. 

Senator Domenici. Do you have an objection on the adequacy of 
$10 million in this field? 
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Dr. Holzeh. No; I do not. 

Senator Domexici. Do an; of the other witnesses have such an 
objection ? 

Sir. Galbraitii. Senator, you posed a number of questions which I 
would like to have the opportunity to offer a couple of observations. 

First, to go back just a moment to the proprietary rights issue, I 
dont anticipate a great deal of difficulty with that being, as a matter 
of policy ; Lockheed's policy is similar to ERDA. 

On the issue of organizations, as I understand it. the ERDA philos- 
ophy right now, and this is perhaps talking out of school, but an 
energy storage device such as Lockheed and Livermore have proposed 
to ERDA would be developed in the energy storage area. 

But when it comes time to apply it to a practical automobile, it 
would go over perhaps to the alternate automotive propulsion area. 

On the adequacy of funding issue. I think the Nation is in a situa- 
tion of trying to catch up in many areas from decades of neglect. And 
it would not De surprising, then, that in the early phases there will be 
many things that need to be done which haven't- been done. I think the 
number you cited is probably not an adequate level of funding for the 
cast -out phase of the Nation's transportation technology. 

Senator Domenict. Thank you. Mr. Chairman. 

Senator Moss. Thank you very much, gentlemen. We appreciate 
your testimony. 

We now have the Honorable Austin N. Heller. Assistant Adminis- 
trator for Conservation, Energy Research and Development Admin- 
istration ; and Mr. William E. Stoney, Acting Assistant Secretary for 
Systems Development and Technology. Department of Transporta- 
tion, and Dr. Richard L. Strombotne, Chief. Energy and Environ- 
mental Division, Department of Transportation, 

We will ask Mr. Heller to go first followed by Mr. Stoney. 

I reiterate what I stated earlier, we would appreciate it if you would 
place the full statement in the record and try to summarize or cap- 
sulize as best you can. 

Mr. Heller* 

STATEMENTS OF HON. AUSTIN R. Trr.T.T.T.g ASSISTANT ADMTHIS- 
TEATOR FOE CONSERVATION, ENERGY RESEARCH AND DE- 
VELOPMENT ADMINISTRATION; WILLIAM E. STONEY, ACTING 
ASSISTANT SECRETARY FOR SYSTEMS DEVELOPMENT AND TECH- 
NOLOGY, DEPARTMENT OF TRANSPORTATION; ACCOMPANIED 
BY DR. RICHARD L. STROMBOTNE, CHIEF, ENERGY AND EHVI- 
EONMENTAL DIVISION 

Mr. Heller. Mr. Chairman, before I proceed, I would like to in- 
troduce my colleagues that are sitting at the table. 

On my immediate right is Dr. James Kane who is my Deputy, John 
Brogan, Acting Director, Division of Transportation Energy Con- 
servation, and on my far right, Dr. George Pezdirtz, in charge of our 
battery research. 

Senator Moss. We are pleased to have you. 

Mr. Heller. I wish to thank you, Mr. Chairman, for the opportunity 
to testify on the S. 1632 and H.R. 8800. 
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The major thrust of tie Presided "s scaxement nonreys a need for 
dramatic action: crash acveiofrmrac and eariy implementation to at- 
tack and eb a in u* the basie defea of America's present energy system 
which is — as a Xation we nicst reiy mainly oc out- least plentiful do- 
mestic energy awms. oil and Mural gas. and re:; least on our roost 
abundant energj rp*onr«s» namely coal and nuclear power. 

This concept coincides «Uj ERISA's pian to meet i*ead on the Na- 
tion's critical energy sanation- We believe the time to art is now. 

I have examined the proposed electric' vehicle bill?, and find that 
their purpose, also. is in accord with the President"? most recent en- 
ergy statement. 

We recognize that transportation uses 2;. percent of the total energy 
consumed in the United states: the automobile uses more thaji half 
of the energy consumed by the transportation sector; the transporta- 
tion, sector is virtually 1<>"*- percent dependent on petroleum energy. 

Clearly these facts cry out for early implementation of improved 
technologies. 

I readme that the automobile industry is applying known energy- 
saving techniques with great success. In fact, the industry has effected 
a 15-percent improvement in fuel economy for li»7.% models when 
compared to 1974, and there are reports of over £>-pervem improve- 
meat in fuel economy on the average for 1976 model vear cars as com- 
pared to 1974 models! 

It is apparent that we need to work in partnership with industry if 
we wish to achieve new technology that would lead to even more 
dramatic improvements in fuel economy. For example, the develop- 
ment of gas turbine and Sterling cycle engines would fall into ibis 
category. We believe that both of these systems are likely to have 
higher fuel economy than the internal combustion engine. In addi- 
tion, both systems are nonsensitive to fuels, both petroleum and noti- 
petroleum derived. 

On the other hand, vehicle propulsion systems that derive their 
energy from electric power plants offer certain benefits (hat no other 
existing or proposed propulsion systems have. The energy source for 
electric vehicles can be virtually any resource, namely nuclear, cowl, 
geotibermal, synthetic fuels, solar, wastes, as well as gas and oil. Tins 
opportunity offers the Nation an option to shift from petroleutn-based 
vehicles to a system that can use virtually any noupotroleuui fuel. 

Even a partial shift to electric vehicles or it^s hybrids could result 
in significant petroleum savings. For example, consider the city of 
greater St. Louis. Mo., which today has 1 million automobiles, or I 
percent of the Nation's automobile population. This automobile popu 
lation consumes, on an annual basis, about \9 million barrels of crude 
oil equivalent. At $11 per barrel, this would equate to i\ cost of $SUI 
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million. If this automobile population of St. Louis were to be changed 
to a mix of 75 percent ICE s, 5 percent diesels, and 20 percent battery- 
powered vehicles, the petroleum consumed would be reduced 2.1 mil- 
lion barrels a year and would result in a gross savings of $24 million. 
The additional coal required for recharging purposes — 900,000 tons- 
would cost about $16 million. Therefore, the net fuel cost savings to the 
St. Louis consumers would be about $8 million per year. This, of course, 
would be offset to some extent by the higher life-cycle costs of cur- 
rently available electric vehicles. 

This is but one example of how electrics could impact on petroleum 
consumption. Our R. & D. program is structured to develop technology 
that will improve the performance of such vehicles; improve bat- 
teries, controls, and other vehicle components. 

In my opinion, the proposed bills, if enacted, would mandate a 
costly and premature program of questionable value. The reasons for 
this judgment are detailed in the documents which I now ask to be 
placed in the record. 

Senator Moss. It will be placed in the record. 

Mr. Heller. For your guidance, I have also summarized a number 
of key points which reflect my opinion. These may be stated as follows : 

Current lead-acid battery technology is adequate for some applica- 
tions, such as urban delivery operation. 

Improvements in lead-acid batteries are required to increase per- 
formance and decrease operating costs. 

Until the improvements in battery technology occur, it would be 
premature to support a large and costly demonstration program. 

A minimum of 3- to 5-year development program would be required 
to reduce operating costs and thereby gain public acceptance. 

ERDA's basic legislation directs us to be innovative in managing 
our program while the proposed bill would severely limit opportuni- 
ties to display this vital characteristic. 

In addition, there are inflexible aspects such as the mandate to pro- 
cure 2,500 vehicles within 15 months — that is the House version — 
and 5,000 vehicles within 18 months — the Senate version. 

In essence, we support the goals of the proposed bills, especially the 
endorsement of the need for a vigorous effort in research and de- 
velopment on energy storage technologies and vehicle systems and 
components. 

We further agree that demonstrations are desirable to stimulate 
the interest of the general public but believe tliat proceeding rapidly 
with current technology might not achieve the goals that we both geek. 

The foregoing summary, I trust, will be of some value in your 
deliberations. 

I would now be delighted to answer questions that you may have. 

Senator Moss. Thank you very much. We will have some questions 
that we will want to ask you. 

I think perhaps we will hear first from Mr. Stoney and then we 
may ask the panel various questions.. 

Mr. Stoney, would you proceed, sir ? 

Mr. Stoney. Mr. Cnairman, thank you for your invitation to appear 
and present the views of the DOT on the development and demon- 
stration of electric and hybrid vehicles as proposed by H.R. 8800 and 
S. 1632, and related issues. 
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With me today is Dr. Richard L. Strombotne, Chief of the Energy 
and Environmental Division of my office. 

At the chairman's request, I have condensed my testimony some- 
what from the handout. 

As you know, DOT is interested in all automotive transportation. 

The Secretary's recent statement of national transportation policy 
noted our intention to preserve and maximize the unique contributions 
of the automobile while striving to increase its energy efficiency, its 
safety, and its economic and socially responsible use. 

The Department has led, or participated in, a number of studies of 
automobile technology. 

It has also sponsored R. & D. involving energy conservation, safety, 
emissions, costs of automotive transportation, and their interrelation- 
ships. 

Electric and hybrid vehicles have been considered and investigated 
by the Department in some of these studies. 

Several comments on electric vehicles can be made based on these 
experiences. 

First, the principal barrier to the greater use of electric vehicles is 
the inadequacy of commercially available electric batteries. 

High performance batteries with much greater energy and power 
densities than possessed by present lead-acid batteries will be needed 
before electric vehicles can compete with conventional cars. 

Second, assuming such batteries can be developed, it is not at all 
clear that electric vehicles will prove to be significantly more energy- 
efficient, enviornmentally sound, or cost effective than motor vehicles 
with spark ignition engines. 

Such vehicles will save petroleum when more of the Nation's power 
generation is converted to coal and nuclear plants. 

Third, electric vehicles designed to compete for a significant part of 
the automobile market should be compared with cars designed for that 
same market using the advanced technology that is likely to be avail- 
able when the advanced battery is available. 

Among the issues raised by the bills are R. & D. on batteries, Fed- 
eral support of electric vehicle demonstration, and the safety of elec- 
tric vehicles. 

We support the concept that the Federal Government, through 
ERDA, should support research and development of batteries for 
electric vehicles and the development of hybrid powerplants. 

These activities are needed as part of the Federal Government's con- 
tinuing assessment of the benefits of alternative powerplants and the 
development of options for the future. 

But while Federal support of exploratory and advanced develop- 
ment of the batteries and hybrid power plants is appropriate, we be- 
lieve that actual engineering development for commercial production 
and use is better left to private industry. 

Similarly, we are not convinced Federal sponsorship of electric 
vehicle demonstrations as described in these bills is desirable at this 
time. 

Considering the inadequacy of available batteries, a demonstration 
would serve only to highlight the possible benefits. 

Also, the timetables specified in S. 1632 and H.R. 8800 for purchase 
of vehicles and development of criteria may well be too short to count 
on having improved batteries for the demonstrations. 
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Finally, with respect to the safety issue, it is our general view that 
when large numbers of electric vehicles or hybrid vehicles enter the 
fleet, they should ensure the same occupant safety as is required of 
conventional vehicles produced in the same year. 

The occupants of electric vehicles would be exposed to much the 
same hazards as occupants of other cars and deserve the same degree 
of protection. 

We share with the sponsors of the bills a desire to develop more 
energy-efficient, environmentally sound and cost effective vehicles 
which will be attractive to those who travel by car. 

We believe that an ERDA program to develop adequate batteries 
and certain vehicle components is essential to push forward the 
electric car option, but ERDA should be allowed flexibility in decid- 
ing the timing and extent of a demonstration program. 

This completes my testimony. I will be happy to answer any 
questions you may have. 

Senator Moss. Thank yon very much, Mr. Stouey. 

Mr. Heller, you state in your testimony that : 

We support the goals of the proposed bills, especially the endorsement of the 
need for vigorous effort in research and development on energy storage tech- 
uology and vehicle systems and components. 

Would you tell us if yon support the funding levels directed at re- 
search and development authorized in S. 1632 or H.R. 8800? In other 
words are these funding levels, in your opinion, sufficient for ERDA 
to carry out adequate E. & D. in the area of battery storage tech- 
nology and electric vehicle systems? 

Mr. Heller. Mr. Chairman, in response to your questions, we esti- 
mate that for a 5-year program which would include the necessary 
research and development, and test marketing of the vehicle, about 
$250 million would oe required ; about $150 million for battery de- 
velopment, $70 million for components, and about $75 million for 
test marketing. 

What I am really saying is that the estimated cost for the under- 
taking is somewhat above what has been suggested. 

Senator Moss. So the amount suggested in the bill is too low? 

Mr. HeiJjER. In either bill, yes. 

Senator Moss. In addition to battery research, where else should 
a Federal R. & D. program on electric and hybrid vehicles focus its 
effort? 

Mr. Heller. One aspect you may recall is the item of test market- 
ing a battery -ope rated vehicle. And therein wc would find it important 
for us to determine how the structure would respond to the intro- 
duction of a battery-powered vehicle. And this would help us. One 
has to know very much what the system is going to be to maximize 
the benefits of R. & D. ; how it is going to be laid out within an urban 
community, what one does with the batteries themselves on recharg- 
ing and replacement. 

These are some of the factors that, come out through the test market- 
ing, become a functional part of the design and implementation 
of research efforts. 

Senator Moss. You stated that demonstrations are desirable to 
Stimulate the interest of the public, but that you question the inflex- 
ibility of the programs mandated by H.R. 8800 and S. 1632. 
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Would you support this program if there was greater flexibility 
built into the timing and size of purchases mandated in the demon- 
stration program section '*. 

Mr. Heller. I would support it. 

Senator Moss. Could you give us some idea of what you believe 
would be the proper timing of electric vehicle demonstration pro- 
grams and what level of purchase would be adequate \ 

Mr. Heller. I would like to respond this way, Mr. Chairman : The 
first thing that I would do, if I were given the opportunity, would be 
to hire the best professional help I could get in the merchandising 
area, particularly to assist us as to how best to put the pieces together 
and test market the vehicle. I would seek out the best professional 
advice also with respect to the R. & IX effort, and that would be a 
functional part of system evaluation, so I am not in a position to give 
you a precise answer to your question at this time. 

Senator Moss. Dr. Haywood of MIT stated that (he electric vehicle 
demonstration program should focus on fleet operations such as urban 
delivery vehicles, buses or rental vehicles for use within restricted 
areas, rather than on private passenger vehicles. 

What is you r opinion of those views ? 

Mr. Heller. I think it is a valid suggestion and certainly would be 
one of the areas that would be considered part of the program. 

Senator Moss. So you believe, the electric vehicle is a specialized 
vehicle, in a sense, because of its more limited range and performance 
characteristics, at least currently not up to the combustion engine, 
and you think testing it in a controlled manner is better than just try- 
ing to sprinkle it around among general users ; is that correct ? 

Mr. Heller. I think I would answer you this way : It seems to me 
that initially with regard to the opportunities to evaluate the intro- 
duction of electric vehicles into the overall system — perhaps much 
can be gained by taking the first step within the controlled system. 

Senator Moss. I wonder if you could give us your views on the 
utility of Federal R. & D. in the area of hybrid vehicles? Your state- 
ment focuses on electric vehicles; and I don't believe it touches on the 
hybrid issue. 

Mr. Heller. I am acquainted with some of the work going on in 
the hybrid area. But I would like to ask a colleague of mine to respond 
in more detail. 

Senator Moss. All right. 

Senator Stevenson is going to replace me because I have to go. He 
will carry on now. 

Mr. Heller. I would like to ask John Brogan to assist me and 
answer the question that Senator Moss has presented. 
Senator Stevenson [presiding]. By all means. 

Mr. Brogan. We are very interested in many of the concepts that 
have been proposed by small, high technology groups to promote the 
development of hybrid vehicles. In the past we found that the funda- 
mental problems with these hybrid systems is that they tend to he 
heavy and bulky, have rather complex control systems, and in their 
present state of development are not competitive in fuel economy with 
the conventional engine. 
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However, a number of new ideas and new versions of hybrids have 
been presented to us since ERDA came into existence, and we fully 
intend to explore the better ideas. 

Senator Dohenici. I'm going to have to leave very shortly. I was 
interested in Dr. Stephenson's testimony. I have read it and I'll talk 
with him later. 

I assume some of you have seen Jet Propulsion Lab's studies as it 
concerns this issue and their concept of R. & D. on engines. Mr. Heller, 
you read a general statement with reference to the President's pro- 
posed $100 billion energy bill. Do you have any reason to believe that 
the legislation as proposed is broad enough to include energy con- 
servation techniques, or is it limited to the development of new energy 
resources? 

Mr. Heller. It's my interpretation that the bill itself would allow 
the flexibility for the development of technologies that one might say 
would be on the demand side. I don't recall that the limiting factor 
you mentioned was addressed to that aspect. 

Senator Dohenici. Did you quote his goal or objective to indicate 
to us that the corporation concept that he is speaking of might be a 
better approach than to expand upon ERDA or some other existing 
agency in a more meaningful manner than we have? Are you offering 
the other as an alternative to the present selection process that we are 
going through and fighting over as to where the K. & D. money ought 
to go? 

Mr. Heller. My purpose was to direct the attention of the com- 
mittee to the great concern with respect to the development of tech- 
nologies that would allow us to meet our objectives as quickly as we 
are able to meet them effectively. And I wanted to point out that I 
thought what we were discussing today would fit into that category. 

Senator Dohenici. My next question is directed to the ERDA 
people here. It appears to me as we go through this process of finding 
areas for demonstration — we have the electric car today and we have 
a whole new prototype in another bill that you all are supposed to 
work on — the question is whether ERDA is in a position to prepare 
an overall game plan, evaluating the various potential R. & D. thrusts 
and their goals? Do they have the mandate that they'll present such 
a thing to the Congress, or are they picking and choosing based upon 
their own decisionmaking as to which projects they are going to fund! 

For example, if we had §300 million to spend in this general area, 
we don't have anyone, really, analyzing the alternatives within it, 
whether it be this proposal or whether it be three or four different 
other approaches. Nobody has put the alternatives down in relative 
degrees of urgency and possible success based on America's needs with 
any kind of structure around them in terms of dollars, have they! 

Mr. Heller. In my understanding, one report has attempted to 
come forward with some of the opportunities. As I recall the thrust, 
they actually selected two systems that they thought should be sup- 
ported on a priority basis, that is, the Sterling and the turbine engines. 

Senator Dohenici. I wonder if ERDA is doing anything like that 
on a national scale. 

Mr. Heller. Certainly, I can speak from my own vantage point, 
that we already have begun to examine where our priority ought to 
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be placed. And I believe this is a very important assignment, that we 
do select those priorities, those projects that are likely to give us the 
payoff as soon as possible with the least cost. 

Senator Domenici. You therefore consider that to be within the 
present mandate of ERDA in this area ? 

Mr. Heller. I certainly do. 

Senator Domenici. Is it being worked on ? 

Mr. Heller. We have already begun. 

Senator Domenici. What is the status of that work? 

Mr. Heller. I have discussed the matter with my staff in terms of 
the projects they are asking to be funded ; and I asked them to indicate 
to me just what the savings ought to be in 1976, 1977, 1978 and so forth. 

Senator Domenici. Who are you using in an effort to develop this 
kind of position or posture for ERDA ? 

Mr. Heller. At the present time, a review is inhouse. I'm planning 
to have a policy planning group on my staff as soon as I can. And 
once I do that, the decision will be made to where we go on the outside 
to assist us in making the determination. 

Senator Domenici. Is it fair to assume that you need both private 
and public sector advisors on that ? 

Mr. Heller. No question about it. 

Senator Domenici. How long do you think it will be. before you 
have set up that kind of apparatus in ERDA ? 

Mr. Heller. My hope is that I'll be on stream in a month's time. 

Senator Domenici. At the present time, with the small amount of 
money you have to spend, you have all kinds of projects being pro- 
posed by inventors in industry and otherwise, and you're just having 
to do the best you can to see what you ought to be doing at this point 
in time. Is that right? 

Mr. Heller. We are trying to develop an arrangement that will 
give us the best opportunity with the resources at hand. 

Senator Domenici. The Department of Transportation said that the 
kind of proposal that is encompassed in the legislation before us is best 
handled by the private sector. I think you madfl that remark. 

Mr. Stoney. I mentioned that the engineering development should 
be done in the private sector. But the R. & D. should be done in the pub- 
lic sector, when industry is unable or unwilling. And I think, in this 
case, at the present time that is the situation. 

So the research that needs to be done in this area on batteries, and 
components, has to be pushed forward, or else it won't be done. 

Senator Domenici. In that respect, would it not be rather important 
that the private sector be involved in the entire process or you will 
have Government- built prototypes, but no one to sell them to the 
people, 

Mr. Stoney. That is correct, and any program of R. & D. should be 
worked out with the close participation of industry. In fact, most of 
the money is spent in industry. It is available to all of industry by 
means of appropriate dissemination of the results. So industry is in- 
volved in it. Their comments are very important. And much of the 
work is actually done by them. 

Senator Domenici. I don't want to be construed to be in opposition 
of the subject bill. I hope you don't consider me to be that, but I want 
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to ask some questions about whether or not it does certain things. In 
light of that last remark, could you comment on whether the bills 
before us do that ? Do they bring together the private and public parts 
of this as we go through, or does it tend to disassociate one from the 
other. 

Mr. Stoney. My comments in the negative on the bills were just in 
two points. One is that the time schedule should be left flexible for 
ERDA on the demonstration program, the time schedule should be 
flexible for ERDA to make the decision at the appropriate time. The 
state of the art of the batteries today is not adequate to start a demon- 
stration program with that type of battery, in my opinion. 
Senator Domenici. Thank you very much, Mr. Chairman. 
Senator Stevenson. Mr. Stoney, you said the timing of the demon- 
stration program may be too short. What timing would be adequate? 
Mr. Stoney. What I would prefer to see is that the program be 
planned based on decision events, rather than times. 

Those decision events being something like: The battery will be 
available by such and such a time and can be used for the program, 
now we start the demonstration program. You can't say right at this 
stage, wlien that battery will be available. 

So I would suggest that the bill be changed to make some decision 
milestones based on events rather than on any particular dates. 

This is the flexibility that ERDA needs, that is what I am referring 
to. 

Senator Stevenson. Are you suggesting there ought to be certain 
stages that ought to be established ? 

Mr. Stoney. Yes. "You will be directed to start a demonstration pro- 
gram when you can prove so and so." I think Mr. Heller should 
answer that. 
Senator Stevenson. How would you answer that, Mr. Heller? 
Mr. Heller. Actually, the question was posed prior, and what I 
said was that we would seek out the best people from the standpoint 
of merchandising and we would seek out the best scientific people 
available to us. And we would use that thrust to establish our goals 
and our overall program. That is precisely what I have to say with 
respect to flexibility. 

Senator Stevenson. Gentlemen, I am new to this subject so I am 
going to have to rely on Staff for a few questions. There are a few 
more answers that we want to get into the record, and there is not 
much time. 

Mr. Heller, in your testimony you state that the proposed bill would 
severely limit ERDA's opportunities to display innovative manage- 
ment of the electric vehicle program. Would you elaborate on that? 
Mr. Heller. The mandate is that we ought to procure 5,000 vehicles 
within 18 months — which is the Senate proposal — and that presup- 
poses that we know all there is to know about the technology, that 
we know all there is to know about the infrastructure, and that we 
know precisely that the market can produce the 5,000 vehicles in time, 
and that 5,000 is the precise number we need to demonstrate the feasi- 
bilitv of introducing an electric vehicle into the marketplace. 
My point is that I don't feel this is the case. 
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Senator Stevenson. How would a program be structured under 
ERDA in order to maximize ERDA's management capacity for 
innovation ! 

Mr. Helm. Given the flexibility, it certainly would. 

For example, we certainly would like to know what effect the intro- 
duction of an electric vehicle would have on the Nation's infrastruc- 
ture and what is the availability of recharging, the manner in which 
the batteries will be either removed or replaced, the response time on 
the part of those who are going to use the vehicle. As to how many 
we would need to make, a determination, it would seem to me that 
would take some exploration and some study as we went along,. 

In other words, when we begin to test the market, it would be on a 
small scale, get the feedback and then expand testing in order to 
achieve the results we are seeking. 

It is a little difficult for me to accept the precise numbers as set 
down. I am not entirely sure whether the number that is set down 
would allow us to achieve our objectives, whether we would be unable 
to achieve the objectives or whether we could even effectively use the 
number of vehicles. I am not in a position to say. That is why I am 
suggesting flexibility, so we can get there as quickly as we can at the 
least cost. 

Senator Stevenson. Should there be a separate allocation of funds 
for research and development and another allocation for the demon- 
stration program ? 

Mr. Heller. I don't think so. I think it should be part and parcel. 
We are dealing with the whole system, and I would like to see the 
system evaluated as an entity, not in separate parts. 

Senator Stevenson. Mr. Heller, what are your views on the current 
and future applicability of safety standards ? 

Mr. Heller, I would like to defer to my colleague, who has an ex- 
pertise in this area, Mr. Stoney, from the Department of Trans- 
portation. 

Mr. Stonev. We believe that these vehicles used in the demonstra- 
tion programs should meet the same motor vehicle safety requirements 
that other vehicles do for that period of time when they are built. 
We think this is important because to make a good comparison be- 
tween a lightweight, flimsy vehicle that doesn't have the safety fea- 
tures of the automobile that it is to compete against, I think, would 
be improper. The occupants of the electric vehicle should have the 
same safety features as all other types of vehicles. With regard to 
safety itself, an electric vehicle can be built with the same structure, 
the same safety structure as any other vehicle. Comparing the differ- 
ences between the two in safety, the only differences might be the 
safety problems with batteries versus safety problems with gasoline. 
I believe gasoline is probably less safe than the proposed batteries. 

Senator Stevenson. Is there any need for safety exemptions during 
the demonstration stage? 

Mr. Stoney. It would be a mistake during that stage to have the 
exemptions. I see no reason for them either. 

Senator Stevenson. Mr. Stoney, in Dr. Heller's testimony, he states 
that: 

Electric vehicles offer certain benefits that no other existing propulsion sjb- 

tems have. For example, the ability to rely on virtually any energy w *o 

provide a source of power. 
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Do you agree generally with that proposition? 

Mr. Stoney. Yes. As we move toward more and more electrification 
of the Nation, as a result of "Project Independence"' and conserving 
oil, petroleum for long-haul aircraft, I think we will need a vehicle 
and many other kinds of vehicles that will use electricity in one way or 
another. 

Senator Stevenson. In your statement, you support Federal R. & 
D. in the area of battery research. What other areas do you believe 
the Federal Government should institute a program in order to im- 
prove electric vehicles? 

Mr. Stoney. I also mentioned the components and the control 
devices and probably the propulsion system itself. However, I am not 
an expert in those areas. But all the components should be developed 
that are needed to make an overall system. 

Senator Stevenson. Is the loan guarantee provision in these bills 
useful or is any other financial assistance desirable? 

Mr. Stoney. Guarantees to industry are not always enough to cause 
an industry to move into a field like this, in many cases. The risks are 
still there for him, in spite of the guarantee. And the entrepeneur is 
risking his business. 

So I think the government-sponsored K. & D. in these areas where 
the industry can't afford the risk are needed as well as loan guarantees. 

Senator Stevenson. Dr. Haywood has suggested that the demon- 
stration programs focus on fleet operations, such as urban delivery 
vehicles, buses or rental vehicles for use in restricted zones. If the 
demonstration program were to be focused in these areas and so-called 
"second car" applications, would you then support such a demonstra- 
tion program? 

Mr. Stoney. Would you repeat the question, please? 

Senator Stevenson. Dr. Haywood of MIT has suggested that the 
demonstration program focus on fleet operations, such as urban de- 
livery vehicles, buses, rental vehicles for use within restricted zones, 
rather than general purpose vehicles. And the question is whether you 
would support such a focused Federal demonstration program? 

Mr. Stoney. I think Professor Haywood is looking at the demon- 
stration program to obtain technical knowledge. And that is why 
he believes in the demonstration program in a fleet operation, where 
you have some control of maintenance and reliability, and you have 
a proper support structure for the demonstration program. People 
that are interested in demonstration programs from a test marketing 
point of view would like to have as broad a distribution of vehicles 
as they might have, just so they can get more and more marketing in- 
formation. The two types of programs are not necessarily compatible. 
I would prefer, myself, to have a closely controlled demonstration 
program with all the vehicles in an area that has all types of weather, 
for instance, and be sure the reliability problems that people perceive 
are not due to something like — that hasn't anything to do with the 
electric part of propulsion, but might have something to do with the 
windshield wiper. 

I think it would be a mistake to send automobiles, limited numbers 
here, all over the country with statistics that would show in the news- 
papers, with the broken down cars that took three months to get spare 
parts, would just kill the program. 
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Senator Stevexsox. Thank you. gentlemen. That is all the ques- 
tions we hare. We appreciate your help and we thank you. 

Mr. Heller. I want to call your attention to a report we just re- 
ceived. We would like to make it available to you. We think you will 
find the information helpful. 

Senator Stevexsox. It will be made a part of the record. 

Our nest- witnesses are Dr. Rhoads Stephenson. .let Propulsion 
Laboratory. California Institute of Teciinology. and Mr. Domenic 
Borello. president. Die Mesh Corp. 

STATEMENT OP B. RHOADS STEPHEN SOU, JET PROPULSION LAB- 
ORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY; ACCOM- 
PANIED BY HOWABB VIVIAN 

Mr. Stephexsox. Mr. Chairman, it is indeed an honor to be asked to 
testify before your committee. I am Dr. R. Rhoads Stephenson, 
manager of the systems analysis section at the Caltech Jet Propulsion 
Laboratory, and principal investigator of the recently -completed auto- 
mobile power systems evaluation study. Some of you may have seen 
a copy of our two-volume report entitled "Should we have a New 
Engine? An Automobile Power Systems Evaluation." What I will 
be saying today will be based upon that report. 

With me today is Mr. Howard Vivian, also of the Jet Proptilsion 
Laboratory, to whom I may refer certain technical questions with 
your permission, Mr. Chairman. 

Electric vehicles are being considered here today presumably be- 
cause of an expected favorable impact on energy consumption and 
emissions. The study we recently completed considered a wide variety 
of alternative power systems for the automobile. Initially I would 
like to describe the approach and findings of that study to put in con- 
test my comments on electric and hybrid vehicles. 

At the outset I wish to describe the approach we used in this study. 
First of all, we emphasized technologies which could be in significant 
production during the decade of 1980-90. liy significant production 
we mean 10 to 30 percent of sales (or about 1 to 3 million vehicles per 
year) before the end of the decade, and the potential to grow to a 
significantly higher percentage of the market. This lower bound was 
established because it was important to look at changes which would 
make a significant difference at the national level. 

Another key aspect of the study was the Otto- Engine- Equivalent 
vehicle concept. We did not want to be vulnerable to the charge that 
we created (on paper, of course) a vehicle which the American people 
would not buy. To that end, we studied the characteristics of 1974-75 
cars as a base point, and defined six size classes of cars covering the 
span from a "mini" (1,600 pound curb weight) to a large luxury car 
of 5,000 pounds. In each of these car size classes we attempted to hold 
constant those parameters which are most visible to the consumer 
such as; interior size and accommodations, acceleration capability, 
accessories, ride and handling characteristics, durability, noise levels, 
emissions targets, and driving range. 

We systematically evaluated various alternative power systems bv 
figuratively removing the conventional spark ignition (Otto cycle) 
engine and "installing" the alternate engine. The vehicle weight was 
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carefully adjusted to reflect the changed power system weight and 
power. We also adjusted the peak horsepower of the alternate power- 
plant to provide the same acceleration capability as the baseline Otto- 
engine powered vehicle. Finally, the fuel tank was resized to give equal 
driving range. 

When this process is completed, one is left with a vehicle powered 
by an alternate power system which is to a large extent functionally 
equivalent to a conventional car in the eyes of the consumer. Alternate- 
engine cars of the same size class will, in general, have a different 
installed horsepower and curb weight than the baseline vehicle. 

Our evaluation was focused primarily on the benefits of an alternate 
engine to the Nation in terms of improved air quality and reduced fuel 
consumption. We also considered the availability of the necessary ma- 
terials of construction, the requisite capital investment and changeover 
time, and the impact, if any, on vehicle and highway safety. 

Within the framework described above we evaluated seven alterna- 
tive automobile power systems against a moving baseline of the con- 
ventional Otto-cycle engine and its likely improvements. The generic 
types of power systems analyzed were the Uniform-charge Otto-cycle, 
Stratified-charge Otto, Diesel, Rankine (steam), Brayton {gas tur- 
bine), Stirling, Electric, and Hybrid. These systems were evaluated 
at consistent levels of technology described as "Present" (meaning 
presently existing either on an engine test stand, a demonstration 
vehicle, or in mass-production ) , "Mature," and "Advanced." The "Ma- 
ture" level of technology was the primary basis for comparison and 
represents a mass-producible power system resulting from an inten- 
sive development program based on known technology lin terms of 
pressures, temperatures, and materials). 

After examining all of these major categories of power systems, we 
i-ecommend the following strategy : 

1. Begin immediately the rapid introduction of design changes to 
the car itself which can significantly reduce fuel consumption, inde- 
pendent of the kind of engine used. Fuel consumption reductions of 
25 to 45 percent are possible depending on car size. 

2. Concurrently, accelerate and direct the development of two par- 
ticularly promising alternate engines— the Brayton and Stirling en- 
gines, with introduction targeted for 1985 or sooner. Fuel consumption 
reductions of 25 to 32 percent can be achieved with these technologies 
while at the same time eliminating the automobile as a major source 
of air pollution. 

3. In the interim, press the development of the conventional Otto 
engine to its limits. 

4. Intensify research in high-temperature structural ceramics and 
advanced batteries. 

As discussed in the report, the recommended parallel Brayton and 
Stirling development program is estimated to cost about $150 million 
per year for a total of about $1 billion over the next 5 to 7 years. 
Relative to electric vehicles, our specific findings are: 
1. A major breakthrough in battery technology is required to make 
electric vehicles competitive with general -purpose heat-engine-pow- 
ered vehicles. In particular, with current or near-term projected bat- 
teries it was not possible to configure an Otto-engine-equivalent ve- 
hicle in terms of sustained load, range between recharges, and recharge 
time. 
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2. The energy efficiency of present, lead-acid, limited-range electric 
vehicles (at the electric generating' station, on a miles driven per bar- 
rel of crude oil basis) may be slightly higher (approximately 10 per- 
cent) than a car powered with the Mature Otto-cycle engine. Ad- 
vanced batteries are not expected to dramatically increase the energy 
efficiency. 

3. Electric cars are- not pollution- free if their primary source of 
power is a combustion-type generating station. In particular, the emis- 
sions of NOi, sulfur dioxide, and particulates may be comparable to 
the Mature Otto-cycle powered car on a per-mile basis. 

4. The electric vehicle is an attractive long-term option for the Na- 
tion in terms of its multifuel capability and its low emissions poten- 
tial (if the primary source is environmentally clean). Its primary 
energy source could be from fission, fusion, solar, wind, or geothermal 
power as well as from fossil fuels. 

We feel that the best way to work toward the goal of a general pur- 
pose electric vehicle as a long-term option is to concentrate on battery 
research and development. A greatly intensified program is war- 
ranted including a large amount of parallel work on different battery 
concepts by many different laboratories. These multiple approaches 
will increase the probability of a successful outcome. A sizable compo- 
nent of fundamental, as well as applied, research should be included 
in the program. The objectives of this battery E. & D. program should 
include, in addition to the desire for high energy and power density, 
the following attributes: high efficiency, extended cycle life under 
deep-discharge conditions, long-service life, rapid recharge, low self- 
discharge losses, acceptable cost, use of reasonably abundant materials, 
environmentally acceptable system, and adequate safety. 

Other desirable improvements in electric vehicles are related to the 
motor, controller, and the integration of the vehicle system. These 
more straightforward development problems should not detract from 
the major emphasis on the battery R. & D. Solving these nonbattery 
problems now will not hasten the day of the general-purpose electric 
vehicle, but it could result in some near-term benefits for electric cars 
used in specialty applications. Such a development program would 
probably require a few test vehicles. 

We do not see a significant technological benefit from the 2,500 to 
5,000 car fleets proposed in the legislation currently pending before 
this committee. The time scales (freeze dates) involved are much too 
short to allow adequate systems development and could detract em- 
phasis from the necessary battery program. 

I would now like to make a few comments about hybrid vehicles. 
By a hybrid I mean a vehicle with a heat engine (we considered only 
the Otto-cycle engine since it has the most to gain) with some sort of 
storage element (battery or flywheel) to allow it to operate at a more 
efficient power setting (when the engine is operating). Since it has a 
heat engine, it looks like any other liquid-fueled vehicle from a fuel 
supply point of view. Thus, it is a generically different vehicle from an 
electric vehicle. 

Our findings relative to hybrids are : 

1. If sustained acceleration/hill-climbing capability is sacrificed, a 
hybrid-powered vehicle can be otherwise performance-competitive 
with a heat-engine powered vehicle. 
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2. The best heat engine/electric hybrid configuration (the so-called 
parallel, on-off type) may achieve up to 20 percent higher fuel econ- 
omy that a comparable acceleration Otto-engine-powered car. How- 
ever, fuel economy gains almost as large may be obtainable for con- 
ventional Otto-engine-powered cars through the use of a continuously 
variable transmission alone. 

3. The hybrid's heat engine emissions are not sufficiently lower to 
significantly simplify its emission controls. 

4. The purchase price and maintenance costs are estimated to be 
sufficiently higher than for a conventional automobile that one would 
not expect to break even on a life cycle cost basis unless the price of 
gasoline approaches $2 per gallon. 

For the above reasons we conclude that hybrid vehicles are not an 
attractive option for development. 

Let me reiterate the major finding of our study ; that the Brayton 
and Stirling heat engines offer the most potential in the medium term 
for payoffs in terms of clean air and reduced automotive fuel con- 
sumption. The general purpose electric vehicle should be considered a 
long-term option for the 1990 period or beyond. 

Mr. Chairman, I would like to express my appreciation to you and 
the committee for this opportunity to present my views on a critical 
subject that is of vital importance to the Nation and demands urgent 
attention. I will be happy to elaborate on any of these points and 
answer your questions. 

Senator Stevenson. Thank you, Dr. Stephenson. 

I think we will proceed next with Mr. Borello. 

Mr. Borello, would you please proceed and also, if it is possible, 
would you please summarize. 

STATEMENT OF DOMENIC BORELLO, PRESIDES!, 
DIE MESH CORF. 

Mr. Borello. I am going to summarize but I want the full state- 
ment in the record. 

Senator Stevenson. The full statement will be included in the 
record. 

Mr. Borello. Mr. Chairman, as president of Die Mesh Corp., I 
appreciate the opportunity to testify as to the feasibility and future 
of the electric vehicle. 

For the past 6 years, the Die Mesh Corp. has had several electric 
passenger vehicles on the road continuously. We have logged a total of 
approximately 40,000 pollution-free miles under urban short-range 
driving conditions. All of our electric vehicles have been converted 
from existing internal combustion vehicles, weighing approximately 
2,600 pounds, using lead cell batteries and employing regular HO volt 
household current with an onboard charger. Therefore, the same 
safety features that existed before our conversions also exist thereafter. 

Further, we have employed our own patented electrodrive system in 
these vehicles, consisting of multiple motors and separate "battery 
packs" arranged to yield the maximum use of the electrical fuel. I 
personally drive one of our electric vehicles to and from work each 
morning. Thereafter, during the day it is driven by certain employees 
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of our company to run errands in and about the town of Pelham. This 
not only gives us continuous feedback as to how the vehicle performs 
under all normal driving conditions, but also is a source of education 
concerning the use of electric vehicles for our local residents. 

Through our continued use of electric vehicles, we have now ob- 
tained sufficient data concerning the feasibility of using electricity 
in a vehicle and also maintaining the safety features of the present 
internal combustion vehicle. Consequently, we have had preliminary 
designs for our electric passenger vehicles prepared. These electric 
vehicles of our own design will embody all of the safety features of 
the conventional internal combustion vehicle. 

However, it must be realized that it is absolutely essential that the 
electric vehicle have its own design and not be a mere conversion. This 
is due to the fact that the electric fuel is different and therefore 
requires a different location and a different method of feeding the fuel 
to the electric motors, controls and onboard charger. It would be just 
as impossible and impractical to try to convert an electric vehicle into 
an internal combustion vehicle. 

Concerning the lead-cell batteries that are presently l>eing sold for 
use in electric vehicles, these batteries require no further technological 
advancements in order to satisfy the requirements of this bill. We nave 
concluded that the battery manufacturers have been unjustly bearing 
the blame and responsibility for the electric vehicle's lack of advance- 
ment. They are neither "the hero" nor "the villian" of electric-vehicle 
progress. 

In our experience, we have found that a few simple improvements 
in the current physical makeup of the lead-cell battery will make it 
even more reliable and adaptable for an electric vehicle. As an example, 
the following items of a lead-cell battery could be greatly improved : 

The terminals of the battery that are in essence the link between 
the fuel supply and the motor, the plate grids inside the battery, addi- 
tional fittings on the tops of the batteries to provide for automatic 
refilling, and, finally, each battery should be given a more thorough 
inspection so that a realistic guarantee can be given by the manu- 
facturer. 

An analogy that can be made concerning the improvement of bat- 
teries in relation to the electric vehicle can De drawn by observing the 
advancement of the internal combustion engine from its beginning. 
Advancement in internal combustion engines came by improving the 
motor and the manner in which it used the fuel, and not by improving 
the fuel. 

The ultimate goal of this bill should be to place technically qualified 
small companies, such as Die Mesh Corp., that have had on-the-road 
experience with electric vehicles over the past years, in full produc- 
tion. Consequently, when the project under this bill is completed, these 
companies will be fully capable of continuing the mass production of 
electric vehicles to meet the consumer demand, which should be sub- 
stantial by the time this program is completed. 

Fossil fuels are rapidly becoming "past history," as did the horse 
and buggy upon the dawning of the gas engine. Electricity, and not 
fossil fuel, is the energy of the future; whether it be solar energy, 
atomic energy, hydroelectric energy, or any of the other more sophisti- 
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cated forms of producing electrical energy that our Government is 
presently working on. To date, all of the tools that man has developed 
and is using in his history require electrical energy as their prime 
mover. Therefore, electricity should now be considered our main fuel, 
which is capable of easy transport to every person in this country by a 
simple wire. 

Toe electric motor as presently made is suitable to drive an electric 
vehicle. However, it was never actually designed for the purpose of 
powering an electric vehicle. With this realization in mind, the Die 
Mesh Corp. did, 6 years ago, begin research into finding the best use 
of an electric vehicle. From this evolved our patented "Multimotor 
Electro-Drive System." Through this research, we also designed and 
patented a "Variable Speed Drive" to replace the existing transmis- 
sion. Thereafter, we designed and patented a "Variable Speed Electric 
Motor" as an advancement of our "Multimotor Electro-Drive 
System." 

Due to all of our research and development experience with electric 
passenger vehicles and motors, we are proud at this time to announce 
our latest invention : "The Modularized Electric Motor." This inno- 
vation is a complete departure from the prior art in electric motors. 
And, this motor has nine advantages over existing motors : 

The first and foremost advantage of this new motor is that it is ex- 
pected to draw only 25 percent less current than the motors in use 
today. It consists of 50 percent less parts than the motors in use today. 
It removes 20 substantial problems which beset the present-day 
motors. It is 33^-percent lighter. The coils are water cooled so that 
it cannot overheat. The water that cools the coils can be used for heat- 
ing the cabin of the vehicle. 

The current draw for this new motor always remains constant, and 
does not fluctuate with the load. It can be manufachired by the average 
production lineman, substantially reducing the cost. It can be repaired 
by. the average automobile mechanic by using the spare parts, modu- 
larized concept. Each and every part of this new motor is a separate 
component, so that it can be easily taken apart and replaced. 

We would like to submit at this time, to you, five copies of the "Dis- 
closure Document" * filed by our company with the U.S. Patent Office 
which will more fully explain this new motor. 

In summary, the successful operation of this inventive motor is due. 
in part, to the fact that the forces that are capable of being generated 
between a magnetic field and magnetic material are of a considerable 
extent, as evidenced by the ability of an electromagnet to lift tremen- 
dous weights with a minimum amount of electrical power. This 
theoretical performance, however, is not properly utilized in a conven- 
tional motor because of the movement of a conventional armature in a 
passing relation to the field. On the other hand, in our new motor the 
typical magnetic segment is drawn directly into the magnetic field of 
the coil. 

I would also like to point out at this time that the same advantages 
that apply to this new invention of ours as a motor also apply to it as 
a generator. 
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To all of the overly critical voices that have been quick to judge us, 
I can only say that it is unfair for them to judge this young industry 
when it is in its infancy, without giving it the same chance that was 
given the internal combustion vehicle. You cannot use the same stand- 
ards for an electric vehicle that are now applied to the internal com- 
bustion engine, which, I might add, began with a crank for a starter, 
candles for headlights, a tiller for a steering wheel, and a top speed 
of 20 miles per hour. 

All of the advancements we have made have only come because we 
have been involved with actually making electric vehicles. This demon- 
strates that advancements and progress, which may seem hopeless in 
the beginning of a project, become realities if one is willing to work 
for them. With the aid of this bill, we feel that this is only the be- 
ginning. 

Mr. Chairman, I would like to compliment you and your colleagues 
for bringing this bill forward and for allowing us to participate in 
these hearings. 

Senator Stevenson. Thank you, Mr. Borello. 

The Energy Laboratory of MIT has issued a report which states, 
and I quote : 

An electric vehicle does not emit air pollutants, but does cause an Increase In 
load and thus, emissions from the power plant which was a source of electricity 
for Its batter}-. Thus, nitrogen oxide, carbon monoxide and hydrocarbons on the 
street are traded for nitrogen oxide, sulfur dioxide, particulates, and heat, or 
radiation and heat, at the power plant 

It sounds like a trade-off ; one source of pollution for another. What 
is the net benefit? What is your reaction to that statement? 

Mr. Borello. I think when they made that study they failed to in- 
clude an important observation, and that is if you have a unit that is 
firoducing energy in one location, the ability to maintain the pol- 
utants is much easier. I am saying, in other words, you can control 
the pollutants in one location much easier than you can — just look at 
any highway and try to figure out how to hold that stuff down. It 
becomes an impossible task. It is much simpler at one location. 

Senator Stevenson. That leads me to another question : 

A report for EPA entitled "Impact of Future Use of Electric Cars 
in the Los Angeles Region" states : 

Electric cars can be nearly pollution free. But as shown in figure 1.5. a 00- 
percent reduction of conventional auto exhaust emissions required by existing 
legislation In. this decade will dramatically reduce total vehicular emissions of 
air pollutants, and make cars a minor rather than major contributor to total 
emissions. Under these circumstances, air pollution will no longer be a problem 
in I. os Angeles, and even extensive electric car use will have little further effect. 

Mr. Borello. It is probably correct. But does that research also dis- 
close where they are going to find the additional oil ? 

Senator Stevenson. You are conceding then that as far as pollution 
is concerned, there is that trade-off? 

Mr. Borello. Well, I don't know. I have been involved in some anti- 
pollution devices and they all seem to have problems. Many of them 
Erove to be just in the reverse of what they should have done in the 
spinning. 

Senator Stevenson. You are referring to pollution devices for auto- 
mobile emissions as opposed to pollution devices for generating plants. 
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Mr. Bokello. I don't know too much about the pollution devices for 
generating plants; but I feel it should be done in one place, one loca- 
tion. In a sense, I think they need to continue to find ways to correct 
the problem. 

Senator Stevenson. When you use electricity, you waste a lot of 
energy in the distribution from the generating plant. What it does 
do is that it permits the use of additional sources of energy. We don't 
have to rely exclusively on oil or natural gas. We can turn to the 
nuclear sources. 

Mr. Bokello. One of the problems here is that the electric car hasn't 
been completely developed. It is in a state now where I can go to work 
in the morning in the car on a highway and keep a speed of about 45 
miles per hour, get back home, charge the car and go along very nicely. 
But, however, what we are talking about today is premature. We are 
saying the current you use to drive the electric car will remain con- 
stant for the next 200 years ; and that is not true ; that new motor, new 
design, is completely different. 

The motor hasn't been touched for 145 years. Now, I can't believe 
that the technology of anything can stand still for that long. There 
are many areas where it could be developed in electricity, but we dont 
have them right now. If we start now we will eventually get out of this 
dilemma of spending billions of dollars trying to keep peace just to get 
oil. 

Senator Stevenson. I should have asked this question of Mr. Heller 
earlier ; but I will ask you now : 

Is there any effort to avail ourselves of the research being conducted 
in other countries? What are the Japanese, for example who are far 
more dependent on foreign sources of oil — doing in regard to electric 
battery research ? 

Mr. Borello. Absolutely. As a matter of fact, they have made grants 
similar to the ones being proposed right now ; and they have improved 
their position in electric motors. 

Dr. Stephenson. I believe the people at EKDA are aware of their 
efforts and have managed to keep abreast of the developments over 
there. 

Senator Stevenson. The Staff tells me that the Japanese do have a 
research program and that there is some sharing of information with 
the Japanese ; but there seems to be a lot of work that needs to be 
carried out in these countries in order to share this information. I see 
there is not even a means to translate 

Mr. Borello. It is difficult for ERDA to evaluate all of this as I 
suppose it is the Japanese. But I don't think all of the information 
and all the technologies are arranged and collected by either the 
Japanese Government or the U.S. Government. It think it is laying 
there just waiting to come out. And I think if you do pass the bill, you 
are going to find a lot of it. 

Senator Stevenson. Dr. Stephenson, your statement seems to as- 
sume that the objective is to replace the traditional automobile with 
electric vehicles. Shouldn't the objective really be the second automo- 
bile, the special applications for this vehicle, as opposed to the general 
purpose automobile or vehicle? Your objective isn't really a replace- 
ment: is it? 
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Dr. Stephenson. We looked at the possibility for second oars; and 
that would certainly be a first application. But we emphasized signifi- 
cant changes in the automobile fleet in order to make a difference to 
the national air quality and national fuel consumption picture. A few 
thousand or tens of thousands of electric vehicles may be quite useful 
in special applications, but they are not going to make a significant 
difference in the national energy or environmental problems. 

If you want to save energy, you must talk about millions of vehicles 
per year. 

Senator Stevenson. We are probably consuming more energy, I 
suspect, of that sort. 

■Dr. Stephenson. Probably. 

Senator Stevenson. You are going to use more energy with these 
electric vehicles when you rely on an inefficient electric distribution 
system. 

Dr. Stephenson. There is some uncertainty in the energy consump- 
tion numbers resulting from our analysis. The energy consumption of 
electric vehicles per mile may turn out to be slightly less or better than 
with an Otto-cycle engine (including the distribution losses). Our best 
estimate was about 10 percent better for the electric based on crude 
oil input. 

I might add that I think the long-term question is whether you want 
to have a car that is powered with liquid fuel or an electric vehicle 
you can plug into the wall at night. In the long term if we assume 
petroleum is in short supply or totally exhausted, it is possible to use 
coal to make liquid fuel or to burn it and make electricity. 

It is also possible to make liquid fuel from nuclear power, water, 
and air, which are renewable resources. The long-term trade-offs of 
liquid fuel versus electricity haven't been made, 

I therefore think it is in the Nation's interest to have an all-electric 
option. 

Senator Stevenson. I have run out of time. We do have some more 
questions. But with your permission, we will have to submit them to 
you in writing. 

Mr. Borello. I wonder if I can just add something : 

All the figures that have been collected as to what the electric car 
can do are only based upon what you are presently looking at. You 
dont know what is going to happen when all these different tech- 
nologies come together. So that it is really not proper to say that the 
electric car does this or the electric car does that, not until ERDA 
completes its study, gets sufficient data to say, well, at the end of a 
years period, or 2 years, this is what electric cars will do and this is 
what we say in the future, because, as I said before, we have a motor 
that will use 25 percent of the amount of current presently used in 
electric motors. And I think that is a significant advance. It is a com- 
plete departure from the present state of the art. Right there alone, 
that is something that almost says, why are we worried about the bat- 
tery. Let's take a look at some of the other things. 

I have to agree in one sense, and that is, I feel these cars will be 
complete if ERDA gives us some funds to come up with some nice- 
looking cars. And that is when you should be looking at how much 
current and so on. I think you should use some of the information we 
have given you. 
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Senator Stevenson. Thank you very much, gentlemen. 
[The statement and articles referred to follow :] 

Statement of Dcmekic Bobeixo, President, Die Mesh Corf. 

Mr. Chairman, as President of Die Mesh Corporation I appreciate the oppor- 
tunity to testify as to the feasibility and future of the electric vehicle. 

For the past six years, the Die Mesh Corporation has had several electric pas- 
senger vehicles on the road continuously. We have logged a total of approximately 
40,000 miles under urban Short-range driving conditions. All of our electric ve- 
hicles have been converted from existing internal combustion vehicles, weighing 
approximately 2,600 pounds, using; lead cell batteries and employing regular 110 
volt household current with an on -board charger. Therefore, the same safety 
features that existed before our conversions also exist thereafter. Further, we 
have employed our own patented electro-drive system In these vehicles, consist- 
ing of multiple motors and separate "battery packs" arranged to yield the maxi- 
mum use of the electrical fuel. I personally drive one of our electric vehicle* to and 
from work eacli morning. Thereafter during the day it is driven by certain em- 
ployees of our company to run errands in and about the Town of Pelham. This 
not only gives us continuous feed-back as to how the vehicle performs under all 
normal driving conditions, but also is a source of education concerning; the use 
of electric vehicles for our local residents. 

Through our continued use of electric vehicles, we have now obtained sufficient 
data concerning the feasibility of using electricity in a vehicle and also main- 
taining the safety features of the present internal combustion vehicle. Conse- 
quently, we have had preliminary designs for our electric passenger vehicles 
prepared. These electric vehicles of our own design will embody all of the safety 
features of the conventional internal combustion vehicle. However, It must be 
realised that it is absolutely essential that the electric vehicle have its own 
design and not be a mere conversion. This is due to the fact that the electric 
fuel is different and therefore requires a different location and a different method 
of feeding the fuel to the electric motors, controls and onboard charger. It would 
be just as impossible and impractical to convert an electric vehicle into an in- 
ternal combustion vehicle. 

Concerning the lead cell batteries that are presently being sold for uae in 
electrie vehicles, these batteries require no further technological advancements in 
order to satisfy the requirements ol this bill. We have concluded that the battery 
manufacturers have been unjustly bearing the blame and responsibility for the 
electric vehicle's lack of advancement. They are neither "the hero" nor "the vil- 
lain" of electric vehicle progress. In our experience, we have found that a few 
simple Improvements in the current physical make-up of the lead cell battery 
will make it even more reliable and adaptable for an electric vehicle. As an ex- 
ample, the following Items of a lead cell battery could be greatly Improved : The 
terminals of the battery that are in essence the link between the fuel supply and 
the motor, the plate grids inside the battery, additional fittings on the tops of the 
batteries to provide for automatic refilling, and, finally, each battery should be 
given a more thorough inspection so that a realistic guarantee can be given by 
the manufacturer. An analogy that can be made concerning the improvement of 
batteries In relation to the electric vehicle can be drawn by observing the ad- 
vancement of the internal combustion engine from Its beginning. Advancement 
in Internal combustion engines came by improving the motor and the manner In 
which it used the fuel, and not by improving the fuel. 

The potential that can be expected in the development of electric vehicles will 
depend upon, the desire and the effort applied, along with the necessary capital 
to do the job. If one were to seek criteria for measuring the potential for success 
In new technologies, one would have to begin by examining historical data. This 
examination would reveal that any thing man can Imagine In his mind can be 
accomplished, given sufficient time and resources. I can recall sitting in my liv- 
ing room watching the miracle of television and listening to several professors 
describing In a very factual way the depth of the dust on the moon and how an 
astronaut would sink into the moon dust and the almost Impossible odds against 
landing a man on the moon. This feat is now past history. Perhaps the "doomsday 
professors" should visit the Smithsonian Institute here In Washington and ob- 
serve the original internal combustion engines and then visit the Museum of 
Natural History and examine the ox-cart. These visits would prove emphatically 
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that the odds are always In favor of progress and new technology. However, the 
electric vehicle "as is" happens to have the good fortune of being able to meet 
the limited driving requirements of the vast majority of people in this country 
today, since more than half of the total automobile miles driven each day across 
this nation consist of trips of five miles or less. There Is no question in my mind 
that further advancements In electric vehicles will come as they have in other 
technologies throughout history. 

ERDA has at the moment many projects underway, In an attempt to find a 
better means of producing electricity. It is obvious by the amount of money that 
the entire world is spending on the same type of projects that the fuel of to- 
morrow will be electricity, whether It be produced by wind, atomic energy, solar 
energy or a variety of other means, both natural and man-made. 'Since this is 
the case, ERDA, to remain consistent, should give incentive and encourage the 
electric vehicle industry Instead of resisting It. It Is only a matter of time before 
the remaining undeveloped areas of the world demand large amounts of the 
dwindling fossil fuel supply, thereby totally exhausting It. The time for electric 
vehicles is now! We feel that the source of ERDA's resistance to this bill is the 
fact that they have a limited budget to attempt to accomplish a variety of electric 
vehicle programs. Consequently, there has been a dilution of both efforts and 
results, creating a negative Impression in ERDA's mind about electric vehicles. 
The implementation of the program as embodied in this Bill will at last provide 
sufficient capital, which this industry has always lacked, to fund an electric 
vehicle program that will produce results. Only after this Bill is implemented 
will ERDA be in a position to compile sufficient data to properly evaluate the 
electric vehicle and how It conforms to the requirements of this Bill. 

The biggest advantage of the electric vehicle la that if Implemented on a mass 
scale, this country will have turned the comer In its war against pollution, which 
Is now on the verge of being lost In 1966, the Commerce Department found that 
the Internal combustion vehicle was responsible for 60 percent of all man-made, 
gaseous air pollutants, plus 86,000,000 tons of particulate emissions per year. 
Pollutants, once produced from the Internal combustion engine exhaust, con- 
taminate everything In the general vicinity, such as air, water, soil, livestock 
and crops. How much saturation of these lethal substances can a human body 
take? We get up In the morning with headaches, we drink polluted water and 
breathe In gobs ot slow death and discomfort. According to the Environmental 
Protection Agency, more than half of the total automobile miles driven today 
consist of trips of five miles or less. For such short trips, the Internal combustion 
engine operates least efficiently and spews out the most pollutants, due to the 
warming up, Idling, stopping and starting, which are Indigenous to city driving. 
With all our affluence, we are no better off than the undeveloped countries of 
this world. They are dying from lack of progress and we are dying from to much 
of the wrong kind of progress. The money that has been and will be spent on 
anti-pollution devices, both in research and development and manufacture, would 
probably pay for this Bill five times over. 

Our company during the past six years has spent over a quarter of a million 
dollars of its own funds to prove the feasibility of electric vehicles. During that 
time, we constantly sought the necessary capital from banks, private individuals, 
the government and Wall Street; all to no avail. With respect to Wall Street. 
we feel that it Is not performing its true function of acting in the Interest of the 
public, Itself, and companies seeking capital. Our experience has disclosed that 
the public is only permitted information about companies of the broker's own 
choosing which will yield to that broker the fastest profit, without regard to the 
true value and potential of the company. As for the banks, they refused to get 
involved in this young Industry by lending sufficient capital to companies such 
as ours, so that we may go into production, without a full Government guarantee 
backing up that loan. Without Government intervention at this point, the electric 
vehicle Industry will be, for all Intents and purposes, dead. The handful of tech- 
nically qualified small companies that have been "going It alone" over the past 
years can no longer either make progress or even survive without suffldent 
amounts of new capital. In our own case, the lack of capital has prevented us 
from going Into full-scale manufacture and sale of on-the-road electric passenger 
vehicles of our own design. In the past three years, since we entered into various 
national and International automobile shows, we have been Inundated with both 
written and oral requests for Information regarding the purchase of the Die Mesh 
electric vehicle. However, without the proper funding, full-scale production Is 
not possible. 
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The ultimate goal of this Bill should be to plate technically qualified small 
companies, such as Die Mesh Corporation, that have had on- the- road experience 
with electric vehicles over the past years, in full production. Consequently, when 
the project under this Bill ia completed, these companies will he fully capable of 
continuing the mass production of electric vehicles to meet tie consumer demand, 
which should be substantial by the time this program is completed. Fossil fuels 
are rapidly becoming "past history", as did the horse-and-buggy upon the dawn- 
ing of the gas engine. Electricity, and not fossil fuel, Is the energy of the future; 
whether it he solar energy, atomic energy, hydro-electric energy, or any of the 
other more sophisticated forms of producing electrical energy that our Govern- 
ment Is presently working on. To date, all of the tools that man has developed and 
is using ia his history require electrical energy as their prime mover. Therefore, 
electricity should now be considered our main fuel, which is capable of easy 
transport to every person in this country by a simple wire. 

The electric motor as presently made is suitable to drive an electric vehicle. 
However, it was never actually designed for the purpose of powering an electric 
vehicle. With this realization in mind, the Die Mesh Corporation did six yearn 
ago begin research into finding the best use of an electric motor in an electric 
vehicle. From this evolved our patented "Multi-Motor Electro-Drive System". 
Through this research, we also designed and patented a "Variable Speed Drive" 
to replace the existing transmission which Is presently used in the internal com- 
bustion vehicles. Thereafter, we designed and patented a "Variable Speed Electric 
Motor" as an advancement of our "Multi-Motor Electro-Drive System". 

Due to all of our research and development experience with electric passenger 
vehicles and motors, we are proud at this time to announce our latest invention : 
"The Modularized Electric Motor." This innovation is a complete departure from 
the prior art in electric motors. This motor has nine advantages over existing 

1. The first and foremost advantage of this new motor is that It is expected 
to draw only twenty-five percent of the current used by the present-day 
electric motor. 

2. It consists of fifty percent less parts than the motors in use today. 

3. It removes twenty substantial problems which beset the present-day 
motors. 

4. It is thirty-three and one-third percent lighter. 

5. The colls are water-cooled so that it cannot overheat. The water that 
cools the coils can be used for heating the cabin of the vehicle. 

6. The current draw for this new motor always remains constant, and does 
not fluctuate with the load. 

7. It can lie manufactured by the average production lineman, substan- 
tially reducing the cost. 

8. It can be repaired by the average automobile mechanic by using the 
spare parts, modularized concept. 

9. Each and every part of this new motor is a separate component, so that 
It can be easily taken apart and replaced. 

In summary, the successful operation of this inventive motor is due, in part, 
to the fact that the forces that are capable of being generated between a magnetic 
field and magnetic material are of a considerable extent, as evidenced by the 
ability of an electromagnet to lift tremendous weights with a minimum amount 
of electric power. This theoretical i>erformance, however, is not properly utilized 
in a conventional motor because of the movement of a conventional armature in 
a passing relation to the field. On the other hand, in our new motor, the typical 
magnetic segment is drawn directly Into the magnetic field of the coil. I would 
also like to point out at this time that the same advantages that apply to this new 
invention of ours as a motor also apply to it as a generator. 

To all of the overly critical voices that have been quirk to judge us, I can only 
say that it ia unfair for them to judge tills young industry when it is hi its In- 
fancy stage, without giving it the same chance that was given the internal com- 
bustion vehicle. You cannot use the same standards for an electric vehicle that 
are now applied to the internal combustion engine, which, I might add, began 
with a crank for a starter, candles for headlights, a tiller for a steering wheel, 
and a tup ajieed of twenty miles i>er hour. 

All of Ihe advancements we have made have only come because we have been 
involved with actually making electric vehicles. This demonstrates that advance- 
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ments and progress, which ma; seem hopeless in tile beginning of a project, be- 
come realities if one is willing to work hard for them. With the aid of this BUI, 
we feel that this is only the beginning. 

Mr. Chairman, I would like to compliment you and your colleagues for bring- 
ing this Bill forward and for allowing us to participate In these hearings. If you 
give us the opportunity to make this project a success, I personally promise that 
we will not let you down. 

Thank you. 



This Disclosure Document relates to an Improved electric motor, which ad- 
vantageously can be powered by batteries and, as such, used in powering an 
automobile or other such vehicle. In a related Invention, set forth in U.S. 
Patent 3,566,714 entitled "Battery-Powered Motor Arrangement", I disclose a 
unique way of powering a vehicle using a number of electric motors which 
cooperate with each other to provide the power requirements for the vehicle. 
In the within Disclosure Document, the same or an equivalent advantageous 
drive for a vehicle is achieved with a single motor which has vastly improved 
and advanced drive and powering capabilities. That is, one motor does the work 
of several motors. Underlying the invention is the recognition that even though 
a single motor is used, the same can be made to operate much more efficiently 
than a conventional type when It is acted upon directly by its cooperating mag- 
netic field, rather than urged through its rotation In the conventional manner 
as is now the practice. 

In the enclosed sketch, in Figs. 2 and 3, there is Illustrated in simplified form 
an Improved motor demonstrating objects and advantages of the present In- 
vention. To better understand what Is Involved, however, it is helpful to first 
refer to Fig. 1. In this figure a conventional electrie motor is shown which has 
the usual stator field winding 10 and a rotating armature 12. Underlying the 
within invention is the belief that there are enormous losses and inefficiencies 
because of the movement of armature 12 past, rather than through the field 10. 
This relative movement Is illustrated by reference numeral 14. 

Aa an Improvement on the above, It is therefore proposed to use a ring-like 
armature 16 consisting of interconnected non-magnetic and magnetic segments 
18, 20. (Only portions of the segments 18, 20 are Illustrated in Fig. 2, it being 
understood that the interconnection of these segments continues along the refer- 
ence line 23 and thus completes the clrculaV shape of the armature 16.) As 
Illustrated In Fig. 2, the ring armature 16 actually passes through the field 
coil 24. 

Reference should now be made to Fig. 3. Since the ring armature 16 passes 
through one or more of the field colls 24 it must be supported at locations in 
between the colls. Thus, use is made of a central support 26 and bearing 28 at 
strategic locations between member 26 and the ring 16. Reference numeral SO 
illustrates the typical manner in which the rotating armature 16 will be util- 
ized to power a contacting member In rotation thus enabling rotative power to 
be derived from the operation of the armature 16. 

In summary, the successful operation of the inventive motor hereof Is due in 
part to the fact that the forces that are capable of being generated between a 
magnetic field and magnetic material are of a considerable extent, as evidenced 
by the ability of an electromagnet to lift tremendous weights with a minimum 
amount of electrical power. This theoretical performance, however, is not pro- 
perly utilized In a conventional motor because of the movement of a conven- 
tional armature 12 in a passing relation to the field 10. On tbe other hand, In 
the proposed motor, the typical magnetic segment 18 is drawn directly into the 
magnetic field of the coll 24. Although not shown, when this occurs, appropriate 
electrical contacts will be actuated so that the field 24 Is demagnetized and there- 
fore the segment 18 is permitted to travel through the field. Field 24 is again 
magnetized as another magnetic segment approaches It and Is therefore effec- 
tive In pulling the same through Its central opening at which time coil 24 Is 
again demagnetized and the cycle Is repeated. 

A latitude of modification, change and substitution is intended in tbe fore- 
going disclosure and In some Instances some features of the invention will be 
employed without a corresponding use of other features. 
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Dik Mksh Ooar. Post-Humix« TIctihost Ooxrsaxisc the "EiitrTwr Tebku 
Hmhick DmwMdT ajr» Dkmoxstutiox Act or 197S" <S. 16X3 at* 
OB. 88001 
Point I: Qm*rmnt*r4 Umnt 

S_ 1632 should contain a provuuon for a guaranteed loan program, so that the 
technically qualified companies thar have bmi involved with the manufacture 
of electric vehicles can immediately r-ommefve preparing tbeir operations to 
meet the aims of this Bill, while the Administrator Is formulating basic criteria. 
The guaranteed loan provisions should be patterned after Section 11 of H.R. 
8800, entitled -Loan Guarantees". The loan provisions as set forth in the Honse 
Bill are satisfactory, with the exception of Subdivision (e). which guarantees 
only 90 percent of the loan made by a participating bank. This limitation should 
be eliminated from the Senate BUI. If the loan guarantee provision of this BUI 
is to mean anything at all. the Federal guarantee should be 100 percent : or else 
it is virtually certain that there will be rery few banks that will participate In 
this program. No bank will risk 10 percent, 5 percent or even 1 percent on a 
relative! j new venture such aa the electric vehicle project which Is set forth in 
this BUI. From our personal experience in approaching banks to become In- 
volved in the production of electric vehicles, we were issued a swift turn-down. 
Banks will not finance a new venture, and if they are exposed to even a 10 
percent risk, they will definitely not participate in this program. Therefore, the 
provision for a 90 percent guarantee is meaningless. However. If the loan is 
guaranteed 100 percent we are sure that we, or any otber technically qualified 
company, will have no problem obtaining an Immediate loan so that we may 
begin preparing our company to meet the aims of this Bit), pending the imple- 
mentation by KRDA of the financial arrangements between the various com- 
panies that will be Involved. Further, any loans that individual, technically 
qualified companies are able to obtain on tbeir own should be supplemented 
initlaUy with advance monies under this bill, so that all the necessary initial 
preparation that the companies will have to undergo will not be delayed by 
lack of funds. 

Point II.— The hybrid 

We suggest that you consider what a hybrid consists of before it is made a 
part of this electric vehicle bill : 

1. A complete electrical system combined with a complete gas engine 
system, including gasoline fuel. 

2. It must perform equally to other types of electric vehicles, in spite 
of the fact that it Is carrying the gas engine system plus gas. 

3. It must perform equally to some other similar gas engine vehicles, in 
spite of the fact that it is carrying a complete electric vehicle system, includ- 
ing batteries. 

4. It roust Include all of the safety factors for high speed vehicles. 

5. It must be heavier and better-supported in its chassis design In order to 
carry the two system simultaneously. 

6. It will require both electrical and mechanical maintenance stations. 

7. The "hybrid" may result In consuming gasoline and making: pollution 
equal to a compact car gasoline engine, because of all the above factors ; 
which Is clearly in contradiction of the goals and alms of this Bill. 

Point III.— ERDA, the lattery and the motor 

ERDA, in its testimony on October 10, 1975 before tbe Subcommittee on Sci- 
ence, Technology and Commerce, did indicate that it felt the total amount of 
monies outlaid by Congress for this Bill should approximate $240,000,000. Of 
this, ERDA pointed out that it would earmark approximately J105,00O,OO0 for 
battery technology, approximately 875,000,000 to electric vehicle manufacturing, 
and the balance to the demonstration program. This is totally not in keeping with 
the aims of this Bill, which aims are the making and demonstrating of electric 
vehicles. To earmark such an exorbitant percentage of the funds that will result 
from this Bill for battery technology will, in essence, be changing the name of 
this BUI to "The Storage Battery Development Bill". We are sure that this is 
not the goal of both Houses of the legislature in bringing this Bill forward. To 
put such a major emphasis on battery technology would severely hamper anil 
dilute the success that can result from the technically qualified companies' manu- 
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facture and placing of electric vehicles on the road. Therefore, some form of safe- 
guard should be written into this Bill to prevent the Administrative Agency from 
earmarking an Inappropriate amount of money to battery technology. 

This Bill should definitely not single out any one component as the "hero" of 
electric vehicle advancement. Rather, this Bill should concern itself with all 
areas where technological advancements can be made, such as, first and fore- 
most, the electric motor, body weight, batteries, controls, charging units, stand- 
ard charging stations, repair stations, replacement characteristics and stand- 
ardization of parts common to all electric vehicles. The battery should receive 
no special attention at this time; for if It Is made the key to success. It will 
conflict with the established alms of this BilL Therefore, the battery should take 
Its place as an acceptable component that may, through this grant, Improve or 
produce a new technology. 

Success in this project will first come from basic improvements, and then 
through new ideas and inventions. As a matter of fact. Die Mesh Corporation has 
already invented "The Modularized Electric Motor", as was pointed out at the 
hearing on October 10, 1075. The advantages of this new motor, as well as an 
explanation thereof, were contained within Die Mesh Corporation's testimony 
on the aforesaid date, and a copy of the disclosure document that It filed with 
the United States Patent Office, explaining Its new concept in electric motors, 
was also submitted. Suffice to say at this time that the first and foremost advan- 
tage of this new motor is that it will draw only 25 percent of the current used by 
the present-day electric motor, as indicated by all of our preliminary tests. This 
should revolutionize not only the electric vehicle Industry, but also the electric 
motor industry. 

From the testimony that was presented by the battery developers at the hear- 
ing on October 10, 1975, It was indicated that it would take approximately ten 
years to develop what those developers felt would be "the best" battery, to wit : 
The Lithium- Water- Air Battery. Those developers estimated that the cost would 
be in the area of $16,000,000. However, there is no guarantee that after the ten 
years this battery will live up to its expectations as enumerated on October 10, 
1975. The terms of this Bill call for electric vehicles to be placed on the road as 
soon as possible, and not to wait for the cure-all battery which may come in ten 
years. As was pointed out in Die Mesh Corporation's testimony ou October 10, 
1975, the lead cell batteries, as they are presently being sold for use in electric 
vehicles, require no further technological advancements In order to satisfy the 
requirements of this Bill. 

It must, therefore, be recognized that batteries alone are not the sole answer 
to the advancement of the electric vehicle and that there are other technologies 
that can and will greatly contribute, if given the opportunity. 

Senator Stevenson. The meeting is adjourned. 
[Whereupon, at 12 :45 p.m. the meeting adjourned.] 
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ADDITIONAL ARTICLES, LETTERS, AND STATEMENTS 

Washington, D.C., September 19, 1975. 
Hon. Warren G. Maunusok, 
Chairman, Senate Commerce Committee, 
Washington, B.C. 

Deab Mb. Magnuson : Hearings having been scheduled for next October on the 
Bill S. 1632 : "Electric Vehicle Research, Development and Demonstration Act 
of 1976," I pray you to allow me to present before your Committee my views 
and related documentation concerning an electric vehicle I devised: Wagon 
Eureka. I'm Mr. Antonine Lafata Sottlle, Ph. Doctor of Electro-Mechanical En- 
gineering. My professional resume is attached to this documentation. 

A fair evaluation of the Wagon Eureka merits to be achieved through the wide 
frame of a complete plan of Transports' Electrification phasing until year 1909 
and beyond, when ground traffic could have been cleaned from heat-engine ve- 
hicles and air- traffic curbed by ground electro-magnetic suspension-propulsion. 
Both Plan three-phase and Wagon Eureka are detailed in the joint Report. 
1st phase until year 1983 under sign of TROLLEY. Electrification of Railroads, 
of Urban Buses, of Highways. 

2nd phase until year 1092 under sign of WAGON EUREKA. Expansion of 
Wagon Eureka Electric Vehicle exploiting gravity for accelerating and 
decelerating. 

3rd phase until year 1999 and beyond under sign of Super-Conducting ELEC- 
TRO-MAGNET. Expansion of Electro-Magnetic Suspension -Propulsion. 

Tear 1992 marked by a law, vetoing the manufacture and marketing of heat- 
engine vehicles and establishing their total 'withdrawal from traffic before year 
2000. 

Year 1999 marked by a law, vetoing transports by air since electro-magnetic 
suspension-propulsion will allow by that time to fly on the ground at speeds 
over 800 Km/a r. 
1st phase until year 198S under sign of trolley: 

(a) Trolley-buses (tired) replacing all operating buses in urban networks. 
(6) Electrification of Railroads. 

(c) Electrification of highways by means of overhead power feeder-lines 
In both right lanes of highways. 

Electric vehicles, equipped with flywheels, batteries or whatsoever kind 
of cells, before exhausting their storage capacity would switch intermittently 
to the right lane and running at moderate speed could plek-up energy by a 
trolley. 

If already at full capacity and running in a downgrading lane, they could 

feed the grid. At limits, elsewhere all downgrading lanes could be equipped 

by overhead power-feeder lines and vehicles running in these lanes could lie 

obliged to recuperate energy and feed the grid. 

Electrified Highways will condition electric vehicles, with moderate power 

storage-capacity for nationwide travels without range limitations, and would 

discard "HYBRID" vehicles which are : 

complicated: requiring double Installation, that is combustion engine and 
electric engine, coupling and storage system and requiring for their manu- 
facture double quantity of valuable materials. 
heavier and costlier: selling price about 1.5 times the price of a eonven- 

pollutant: what makes them inadaptable for tnnnel traffic through urban 
and interorban tunnels, that has to be implemented (See Report of the 
National Science Foundation jointly to the American Society of Civil En- 
gineers on the necessity for economical reasons and for other reasons of 
underground log traffic, power transmission lines, and other civil work 
functions.) 

(161) 
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It goes without saying that electrification, requiring a lot of specialized 
and non -specialized manpower could represent at this time an opportune 
means to curb unemployment and related problems. 
Id phase until year 1991 under sign of Wagon Eureka. 

Wagons Eureka, ranging from bus and truck sizes to passenger compact 
vehicles are : 

Suited for existing roads, for future surface-or-tunnel roads (At. La. S 
Utilities) and for future leanway system of subway, both kinds of roads 
and tracks, unl -directional consisting of successive alternances of steep 
downgrades and upgrades to exploit gravity. 

Equipped by flywheels, as gyroscopic stabilizers of the wagon -floor-deck 
permanent levelness (in spite of steep downgrades and upgrades continuous 
succession) and as accumulators-recuperatora of energy. 

Complemented in the intermediate phase of development by a trolley for 
intermittent pick-up of energy from overhead feeder-lines, by solar cells and 
by every kind of means apt to recuperate and store energy. 

Equipped during the advanced phase of development, by coupling devices 
utilizing the propulsion impressed by a Linear Induction Motor or Synchro- 
nous Linear Motor installed on the ground along the terminal steep upgrade 
of each alteraance (say along 10 percent of the total run) and propelling 
the vehicle until the next downgrade. 
In that way the Wagon Eureka, exploiting gravity, for 90 percent of each run 
and electromagnetic propulsion for the remaining 10 percent could assure 
the following advantages : 

No problems of adhesion : No limitation of grade. 

No on-board powerful Motor. 

No pick-up of energy from exterior feeder line. 

No limitation of speed : the steeper the adopted grade, the higher the ac- 
celeration and the speed ; only limitation of acceleration imposed by the 
passengers' comfort : In the range of 1.4 m/sec '. 

Low requirements of Installation and operation. 

High rate of energy savings. 
The wagon Eureka will permit. 

(a) Expansion of Leanway— New kind of cheap, clean, efficient, uni- 
directional subway, supplanting gradually all operating surface networks 
of buses. 

(6) Expansion of At. La. S Utilities — New kind of urban uninterrupted 
traffic without stopping lights at crossings. 

(c) Adoption of At. La. S interchange instead of the costly complicated 
conventional clover-leaf Interchange. 

(<t) Adoption of tunnels underpasslng rivers Instead of bridges crossing 

(c) Adoption of underpasses at the around 250,000 rail roads-gra de-cross- 
ings eliminating their yearly average toll of 1,200 deaths, 3.500 Injuries, and 
invaluable loss of goods and time. 

(f) Expansion of underground traffic through urban and interurban 
tunnels. 
3d phase until year 1999 and beyond under sign of Super-Conducting Electro- 
Ala g net: 

Expansion of Electro- Magnetic Suspension -Propulsion in railroads : Be- 
fore all in consideration the Northeast Corridor (NEC) Boston-Washington 
followed by other 9 corridors under study. 

Expansion of Electro-Magnetic Suspension -Propulsion In highways. 

Requirements of Power for Electro-Magnetic Suspension-Propulsion, 
Costs of construction and requirements of materials ; considerable. 

Suspension : The on-board superconducting Electro-Magnet "In the per- 
sistent mode of operation" requires a negligible amount of power; order of 
20 KW. to operate only the closed cycle Helium-Nitrogen refrigerator. 

Propulsion : The power required is widely related to the speed. The Japa- 
nese levitated train Tokio-Osaka. scheduled to go into operation in 1985 
could require 90 MW for 16 coaches, each coach of 30 metric tons weight. 
Propulsion assured by a Linear Synchronous Motor with primaries station- 
ary and located on the ground, in order to avoid pickup of energy by 
vehicles flying 25 cm. over the ground at 550 Km/hr. 
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Total cost of the line : 7 billion dollars (about 14 million $/Km both ways I- 
The coils laid on the ground, all the war, contribute to Increase cost. 

Alternate solution of a continuous double-L-shaped aluminum guideway = 
220.000 Kg/Km. of line both ways. 

OOmKCBSM 

A net distinction between the functions of susiiension and propulsion respec- 
tively could expand to the 3rd Phase the concept of the Wagon Eureka, outlined 
before: with its enormous savings of energy and low requirements of installation 
and operation. 

Propulsion assured by gravity during 90% of eacb altemance : by the primaries 
laid on the ground of a Linear Motor for the remaining 10%, in steep upgrade 
until surfacing again. 

Suspension assured by one of the means available not excluding tbe possibility 
to exploit the electro-magnetic field generated by criogenlc underground cables 
for transmission of high density electric power. 

EXPLANATION 

Wagon Eureka levelness. — A spherical bearing lets the body to pivot by gyro 
seopieal effect over underframe (chassis) always parallel to the changing grade. 

AtLu.S. : Altemance lanes system. — A 1968 project of a new urbanisation with 
uninterrupted traffic. 

Leanway : A leaning subway. — A 1974 project. 

Innercity leanway.— Single vehicles surfacing to stops near the curb every 
few blocks replacing and expanding current bus lines. 

Intercity leanway. — Pluiivehicle trains surfacing to stops few Km. apart 

For both leanways. — Unique Interchangeable kind of Wagon Eureka. 

Note. — Cop; of Statement pretested to tbe Senate Commerce Committee, on (he Bill 
S. 1632 "Electric Vehicle Research, Development k Demonstration Act of 1B7D" (Octo- 
ber Hearings). Complemented by the Statement presented to the House Science A Tech- 
nology Committee on the Bill ILK. 5470 (June Hearings). See pagei 728 to 740 of the 
House Record "Electric Vehicle S. D. * Demo. Act Of 197B." 

February 21, 1971 to present in Washington, D.C. area — Researching on Sub- 
way and other fields. 

1970 In Laredo, Tex.— Divislng a new system of mechanical spiral escalator. 

1968-1970 in Mexico City U.N.A.M. University.— Researching and lecturing on 
Laser beam. 

1967 in Mexico City Secretary of Public Works. — Devising a new system of 
urban traffic, without signal controls. 

1965-1966 in Santiago, Chile Ministry of Public Works.— Devising a new sys- 
tem of subway. 

1958-1965 In Paris, France Ministry of Public Works.— Statistics and planning 
of public works in the Paris region. 

1954-1957 In North Africa Public Works. — Construction of roads In Algeria and 
Morocco. 

7 years In a company synthesizing amnionic by-products In Italy. — Chief of 
Electrical and Electrolysis Departments, Manager of factories, Vice-director in 
the Rome general direction. 
Pergonal printed papers 

Energy Manifesto: Plan Three-Phase of Transports' Electrification (English) 
1975. 

Project of Leanway (a leaning subway) (English) 1974. 

Project Of "Automatic Spiral Lifter" (escalator) (English) 1970. 

44 articles published on "Laser Beam" (Spanish) 1970. 

Booklet on "Laredo City-planning and Economical Resources" (English) 1970. 

Booklet on "Tbe Laser and its Utilization" (Spanish) 1969. 

Project of "Urban Traffic without Signal Controls" (Spanish and English) 1968. 

Project of "Altemal Leaning Subway" (Spanish and English) 1966-68. 

Technical books translated from English and French into Spanish (Spanish) 
1967. 

Compendium of "Public Works in the Paris Region" (French) 1964. 

Booklet on "Electrical Installations in a Nitrogen Factory" (Italian) 1948. 
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Invention! 

New kind of Subway car : Wagon "Eureka", 1974. 

New system of automatic spiral lifter, 1970. 

Laser beam devices to detect fire, gases, earthquakes, etc., I960. 

New system of urban traffic without signal controls, 1968. 

New system of metropolitan subway, 1966. 
Foreign languages 

French, Spanish, Italian (Excellent) Speak, read, write, understand. 

German (Fair) Speak, read, write, understand. 
High level knowledge 

Mathematics, Physics, Laser, Electroteeluiics, Subway, Roads, City-pl aiming, 

Antokire Lafata Sottlt-e. 

Statement of American Public Power Association 

American Public Power Association, representing 1,400 local public power sys- 
tems In 48 States, Puerto Rico, Guam, and the Virgin Islands, strongly supports 
enactment of S. 1832, the Electric Vehicle Research, Development, and Demon- 
stration Act of 1975. 

Awareness of the advantages of electric vehicles Is growing as the need for 
energy conservation becomes more apparent. For example, the House of Rep- 
resentatives in September approved by a vote of 308 to 60, U.K. 8800, a measure 
which is similar to S. 1632. 

APPA supports S. 1632 because enactment of the bill will help demonstrate 
the benefits of electric vehicles, conserve petroleum, and reduce air and noise 
pollution. 

Electric vehicles would permit more efficient use of electric plant capacity 
since their batteries would usually be recharged at night during electric gen- 
erating off-peak hours. 

About one-fourth of the total energy in the United States is consumed annually 
by our transportation systems, about one-eighth of which can be attributed to 
automobiles according to the Energy Research and Development Administration 
(ERDA). There are approximately 100 million vehicles powered by petroleum 
in the country. Currently, the U.S. cannot fulfill 35% of Its oil needs from domes- 
tic sources and must Import about 6 million barrels a day of foreign oil. It is 
apparent that an alternative to gasoline-powered vehicles is needed which could 
cut some of the nation's dependence on foreign oil. 

The electric car is noiseless and does not pollute the environment About one- 
half of the total automobile miles driven today consists of trips of 5 miles or leas. 
Envisioned as a second care, the electric vehicle would be used around town for 
these short trips and errands. Approximately 80% of urban traffic is stop and go, 
and this is when conventional internal combustion engines release the most harm- 
ful emmisslons. The electric vehicle has no pollutants to release and does not use 
energy when it is standing still. 

It is true that pollutants will be released from the electric generating plants 
used to charge electric vehicles if coal or oil Is used as a fuel, but these emis- 
sions from a stationary facility are easier to control than those from moving 
vehicles. Moreover, most generating plants are not in the heart of an urban 
area. There of course will be no significant air pollution if hydro or nuclear power 
facilities are used to generate electricity for the cars. 

APPA supports the basic aim of S. 1632, which is to develop a vehicle that is 
commercially feasible to meet the transportation needs of the country and which 
will not depend on petroleum for power. The House-passed bill, H.R. 8800, calls 
for a five year research, development, and demonstration program costing $180 
million. ERDA would contract with private Industry to produce and develop 
within 15 months 2,500 electric vehicles using conventional automobile chassis. 
ERDA would contract for another 5,000 vehicles to be leased throughout the 
country within three and a half years as part of the research information gather- 
ing and demonstration project. Leasing to the public would provide valuable In- 
formation on the operation of the car, and the reaction of consumers. Vehicles 
In the second phase would use frames especially designed to maximise electric 
power. Production of up to 7,500 vehicles is expected to stimulate and promote 
competitive development. 
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APFA is especially pleased with the mM ef & 1*82 that f 
search and oardopustnt «f betimes tor dw int vehicles. Xine yvars ago. APPA 
presented testi-way before <)* Senate Sntiranunittee «n Air and Water Pollu- 
tion, origins aevtlopaaent of a tighter, l onger lasting and tees expensive battel? 
for electric vehides than was then in existence. Sine* then, batter? devdopaseat 
has progressed so that the average ranee of in electric vehicle is 60 miles with 
a speed op to 30 mile* aa bow. 

However, according to EROA testimony before the House Subcommittee on 
Energy Research. Pi nlin—al and Demonstration in Juae. lack of sunVieot 

progress in bl — ttl of the to ad add barren is the one obstacle to achieving 

the goals envisioned by H_R_ 8809 and S. 168* Dr. James S. Kane. Deputy As- 
sistant Administrator for Co n serv a tion of EBI»A said. "The single most impor- 
tant drawbars: of the oalj currently available battery (the lead-arid battery) 
is its high tife-eyete coals doe to its relatively short life. This cost factor is the 
main deterrent to widespread nse of electric vehicles today." 

APPA suggests that to insure fall implementation of the sections of S. 1682 
calling for testing and evaluation of available batteries. Congress should urge 
ERDA to include batteries from other countries. For example. Toyota of Japan 
has recently announced its development of a five- passenger electric car prototype 
that has a 125 mile range at a speed of 56 miles an hoar. There are about a 
million electric vehicles in use throughout the world. Although 90% ot these are 
off-road resides, there woaid certainly be merit in examining their components. 

Continuing its interest and involvement in the development of electric vehicles, 
APPA has participated with a group of electric utilities in the purchase of over 
100 Battronic tracks to be used for light general utility delivery. In addition, 
the Electric Vehicle Committee of APPA has an on-going study or electric ve- 
hicles and in con tinning to review developments. 

APPA supports S. 1632 as a means of stimulating the country's technological 
potential to develop electric vehicles. 



Jsi Ihdubtues Ltd.. 
Seattle. Wash.. September 3. 1S75. 
Mr. Auh HomuiT, 

Senate Commerce Committee, Automobile! 4 EteHrie Vehicle*. OM Immigration 
Building, Washington, D.C. 

Deab Alaiv, I have delayed writing to you because of the difficulty of denning 
some wording to be included in the Senate Electric Vehicle Bill which would be 
meaningful. 

If yon will notice that the excerpts from the House Bill 5470-8N0O leave the 
present problem of commencing the conversion of imported I/C vehicles to elec- 
tric battery power, which cannot be resolved for an indefinite date in the future 
and even then, it might take some spedfic legislation to earmark the specifics 
needed for this purpose. 

Hoping that we're not too late to have these recommendations Included in the 
Senate version of the bill, 1 am 
Sincerely yours, 

A. Forbes Crawford. Prttiiml. 

Enclosure. 

BECOlf MEN DATION 

We recommend that the following be inserted in SEC. 8 in front of (d) : 
"Immediately upon the enactment of this ACT, all Electric Vehicles may lie It- 
censed for use on public highways under individual State vehicle laws prevail' 
ing for vehicles prior to the 1966 NHTSA safety Standards. This provision shall 
remain In effect for a period of ten years', and (d> "The Secretary of Trans- 
portation shall conduct a study on the current and future applicability of safety 
standards and regulations to electric and hybrid vehicles and shall report "ie 
results of such study to the Administrator within two hundred forty days after 
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the date of tbe enactment of this ACT, and hereafter the ERDA Administrator 
may recommend such revisions of Safety Standards for Electric Vehicles as may 
be necessary." (This would relieve BR DA of part of their responsibilities by 
shifting licensing to Individual state ERDA and DOT offices. 

In addition, any complete automotive vehicle imported for conversion to BV 
and components imported for use in ma nu fact 11 ring EV's shall not require NHTSA 
approval by customs. 



In order to bave iis own autonomous Effectiveness to promote Electric Ve- 
hicles, ERDA must initially have Incorporated in the House Bills H.R. 5470- 
SttOO.a distinct authority of its own which is specific as to safety requirements, 
import and duty provisions of automotive and other vehicles for conversion to 
EV and automotive and other components used for tbe production of electric 
vehicles. Attached Is a separate memorandum outlining some specific contradic- 
tions that have been experienced already by Jet Industries, Ltd. in trying to 
Import automotive vehicles to convert to electric battery power and automotive 
components to use in its own production of electric vehicles. 

In view of these it seems important to examine some of the excerpts from 
H.B. 5470 and 8800: 

Under "Policy & Goals" SEC. 3 (l>) — (2) reads "to implement this policy by 
removing institutional barriers to such substitution where otherwise practicable; 

Under "Management" SEC. j (b) reads "The overall management of the proj- 
ect shall be tbe responsibility of the Administrator, hut he may enter into such 
arrangements and agreements with the National Aeronautics and Space Admin- 
istration, the Secretary of Transportation, the National Science Foundation, 
the Environmental Protection Agency, the Secretary of Housing and Urban De- 
velopment, and other Federal officers and agencies as he may deem necessary or 
appropriate Cor the conduct by them of parts or aspects of the project which 
are within their particular competence." 

Under "Demonstration" SEC. 7 <b> (1) reads "Within one year after the 
date of the enactment of this ACT, the Administrator shall develop or arrange 
lor the initial performance standards and Criteria which are suitable for the 
needs of urban private passenger vehicles and urban commercial vehicles (and 
which shall be applicable to the Vehicles produced under subsection (a)(2). 
The standard and criteria so developed shall not he designed simply to reflect 
the characteristics of current internal combustion engine automobiles and tracks, 
but shall also take into account the factors of energy conservation, urban traffic 
characteristics, patterns of use for "second" vehicles, consumer preferences, 
maintenance needs, battery recharging characteristics, materials demand and 
recyeiabillty, vehicle safety and Insurability, and other relevant considerations, 
as such factors and considerations particularly apply to or affect vehicles with 
electric or hybrid propulsion systems. Such standards and criteria are to be 
developed and determined utilizing the best current state-of-the-art and utiliz- 
ing the state-of-the-art that would be projected to result from the research and 
development program described in section 6. These performance standards and 
criteria shall be revised periodically as the state-of-the-art improves. In develop- 
ing such standards and criteria, the Administrator shall eonsult with appropriate 
authorities concerning design needs for electric and hybrid vehicles compatible 
with long range urban planning, traffic management, and vehicle safety." 

['nder "Incentives and Assessments" SEC. 9(d) reads "The Secretary of 
Transport a lion shall conduct a study on the current and future applicability of 
safety standards and regulations to electric and hybrid vehicles and shall report 
the results of such study to the Administrator within two hundred forty days 
after the date of tbe enactment of this Act." 

Under "Reports to Congress" SEC. 12 (2) reads "and a statement of the extent 
to which imiiorted automobile chassis or components are being used, or are 
needed, for the production of vehicles under section (a), and the extent to 
which restrictions imposed by law or regulation upon tbe Importation or use 
of such chassis or components are interfering with the achievement of the pur- 
pose of this ACT, each such report shall also include any recommendations 
which the Administrator may deem appropriate for legislation or related action 
which might further the purposes of this Act." 
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All of the foregoing applies to the future. This means that after any House 
and Senate Bills are passed and compromised, stall organization, their respon- 
sibilities and accomplishments will take considerable time. 

In order (or ERDA to be immediately effective the following recommendation 
is proposed. 

REC0UUKN0ATION 

We recommend that the following be Inserted in SEC. 8 in front of (d) : 
"Immediately upon the enactment of this Act, all Electric Vehicles may be 
licensed for use on public highways under the individual State vehicle laws 
prevailing for vehicles prior to the 1966 NHTSA Safety Standards. This pro- 
vision shall remain in effect for a period of ten years", and (d) "The Secretary 
of Transportation shall conduct a study on the current and future applicability 
of safety standards and regulations to electric and hybrid vehicles and shall 
report the results of such study to the Administrator within two hundred forty 
days after the date of the enactment of this Act, and thereafter ERDA Ad- 
ministrator may recommend such revisions of Safety Standards for Electric 
Vehicles as may be necessary." (This would relieve ERDA of part of their 
responsibilities by shifting licensing to Individual state ERDA and DOT offices. 

In addition, any complete automotive vehicle Imported for conversion to EV 
and components imported for use In manufacturing EVs shall not require 
NHTSA approval by customs. 

ELECTRIC VEHICLES VERSUS NHTSA SAFETY STANDARDS 

It must be recognized that electric battery powered and hybrid vehicles 
must be treated in a very distinct manner separate from I/C powered vehicles. 
The current safety standards required by NHTSA should not apply to electric 
vehicles for the following reasons : 

1. It is recognized that electric vehicle chassis must be lightweight but strong 
in order to develop their maximum commercial and passenger feasibility. Modern 
automotive and aircraft techtques can be combined to reach this stage of devel- 
opment An example of the contrast is the fact that the American Motors con- 
verted Jeep and the Otis Elevator electric vehicle both have leaf springs in the 
front and rear which are a type of suspension used since the beginning of auto- 
mobile manufacture In the 1890's. Whereas Jet Industries' vehicle conversion 
has a type of modern suspension that the manufacturer has speut millions of 
dollars developing. This suspension is one that can be adjusted to loads and 
has tremendous possibilities in the electric vehicle field. 

2. Electric vehicles initially should be designed primarily for urban nse with 
maximum speeds not to exceed 45 m.p.h. (or 50 at the most), therefore not 
having the top speed of I/C vehicles. In addition, electric vehicles do not have 
the acceleration of I/C vehicles for "drag-type" performance which Is responsible 
for a large percentage of I/C accidents. The acceleration ability of the electric 
vehicle to keep up only with urban traffic develops a cautious type of driver 
and It is predictable that accident rates will be far below those of I/C powered 
vehicles. 

3. The predicted number of electric vehicles which might be on the highways 
in the next live years are minimal compared to the millions of I/C powered pre- 
1966 vehicles still on the road. These I/C vehicles will continue in large numbers 
because many owners are finding that It Is cheaper to maintain these vehicles 
than buy new ones. 

4. The electric vehicles are In all circumstances very much safer than the 
hundreds of thousands or maybe several million motorcycles licensed for public 
highways. This is also true of 'bicycles and scooters. 

The forgoing are the reasons why electric battery powered vehicles shonld 
have to comply only with the pre-1966 NHTSA safety standards. 

NHTSA CONTRADICTIONS 

In the case of Jet Industries trying to begin converting to electric battery 
power I/O powered vans imported from Japan, the following contradictions have 
developed: 

1. When trying to get permission to import several hundred vans to convert 
to electric battery power and licensed for use on public highways : 
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A. To develop Hie technological problems existing in all 50 states: This means 
the terrain of the country, distances to be traveled, climatic conditions (heat, 
cold, humidity, etc.). 

H. That this was the only way that we could economically develop these ve- 
hicles. We were rejected by NHTSA by their statement that we could use two 
vehicles already in the United States and Canada for these testing purposes. 

2. On our suggestion that we be allowed to import these for conversion to elec- 
tric battery powered use for In-Plant (off-highway) use, NHTSA said that this 
could not be done because the vehicles were originally designed for highway use. 
And one staff member of NHTSA said they couldn't allow it because these ve- 
hicles, after being for In-Plant use might be registered by the owners for public 
highway use. This was in spite of the fact that we Informed them that the 
vehicles would be sold primarily to fleet users from whom we could get an under- 
taking not to license them for public highway use. 

3. When we asked tf we could Import the vehicles in the United States without 
the internal combustion engine and transmission we were told that this could 
not be done either. They advised us that we could import all the different com- 
ponents as automobile parts and assemble them. This, of course, would require 
the tooling and expense of setting up a production line which would be very un- 
economical at this stage of anticipated volume of electric vehicles. 

4. Wben we asked If we could Import the vehicles without the engine and 
transmissions we were told by the NHTSA that we could not because they were 
complete vehicles originally designed for I/C public road use. When we talked to 
the attorney in the Commerce Department who was responsible for writing the 
original NHTSA bill, be said that this was not a correct statement by the NHTSA. 

5. It is possible for a company like us to apply for an exemption from NHTSA 
standards for as long as a three year period. The application form must state 
the specific items which are requested in the exemption application and for us 
to state specifically when these could be corrected. The problem here is that the 
foreign manufacturer of this lightweight vehicle is not going to engineer and tool 
up to make changes in their production vehicle to satisfy NHTSA standards 
because their vehicles as internal combustion vehicles are accepted for public 
road licensing In their own country In their present condition. They will not 
commit to any specific time or cost of making such changes. Nor would it be 
possible for us to make the changes ourselves because of the exhorbltant cost of 
what we would eall — "Job-Shop" type of operation. 

The request for exemption from NHTSA standards requires some sort of 
public notice during which time an I/C competitor of electric vehicles can 
come in and object to our request for the exemptions. Also, any type of business 
that competitive to the electric vehicle business could do the same thing. During 
this ninety day period, an electric vehicle manufacturer has to alt on hia hands 
and cannot make commitments for the purchase of components for which there 
is a ninety day or more lead time and cannot get commitments for financing 
or other types of business requirements such as administrative personnel, work 
force, etc. 

It is very obvious that electric vehicle safety standards must come directly 
under the administrator of ERI1A so that there can be no misunderstandings 
and conflicts in this connection. 

IMPORTATION I/C VEHICLES FOB CONVERSION TO ELECTRIC BATTEBT POWEB 

The logistics and costs of importing r/C vehicles for conversion to electric 
battery ]>ower are outlined as follows : 

1. For the foreign manufacturer of I/C vehicles to program their computers 
to eliminate the production facility and for these to not arrive at the assembly 
line in not Justified in view of the limited number of vehicles which may l>e 
demanded in the U.S. for conversion to electric battery power. In addition to 
engineer and program a substitute axle and suspension for the vehicles is also 
a costly matter. 

2. The actual labor involved in this type of substitution becomes a problem 
from the standpoint of training personnel. 

3. If such a substitution were made, it would be necessary to piish the vehicle 
from the end of the assembly line to a storage yard and then push the vehicles 
onto nn automobile transporter to be taken to n dock storage area. Following 
would is? the necessity of pushing it off the transporter in and around the dock 
storage area, hack to ship loading area and around the ship itself. 
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4. The same procedures as number 3 would be reversed npon tbe arrival of the 
vehicle in tbe United States. 

Both the foreign manufacturer of tbe I/C vehicle and U.S. converter of this 
vehicle to electric battery power coortoded that the logistics and coats of 
scrapping tbe I/C engine and transmission were less of a problem and less cost 
than trying to work oot tbe delivery of the vehicle without tbe engine and 
transmission. 

Under present NHTSA regulations such I (' vehicles cannot be imported Into 
tbe United States for production purposes because they do not meet NUTS A 
safety standards. A separate memorandum has been prepared entitled Electric 
Vehicles vs. XHTSA Safety Standards. 

The jaws that threaten tbe nation's well-being are not those on the giant Ash 
that looms up in front of moviegoers, bnt those on the yawning capital gap that 
faces tbe U.S. this year and as far abead as anyone can see. or the failure of the 
supply of capital to keep up with demand could eat the nation's standard of living 
alive. 

The amount of capital that the U.S. needs if it is to move Imek to its historic 
real growth rate of 4% a year and stay there is enormous by any measure. Be- 
tween 1955 and 1964. the U.S. economy consumed I 76© billion iii capital In turn- 
ing out all tbe cars and TV wis. in building all the houses and factories and 
shopping centers that a growing population wanted. Between 1965 and 1974, the 
nation's consumption of capital doubled to S1.9-trillion. By the best estimates 
available, the U.S. will need the incredible sum of $4. r>- trillion in new capital 
funds in the next 10 years: capital that, for the most part, will have to come from 
the savings of the American people and tbe profits of American business. 

Looked at in a slightly different way. the nation's total supply of capital will 
have to rise at a compound annual rate of 8.7% during the next decade, compared 
with a compound annual rate of 6.7% in the past decade. 

FSPIXABAST COSSEQfEXCEB 

The obstacles to raising that kind of money in the economic environment that 
is likely to prevail in the next decade, and distributing it to where it will lie 
needed, are formidable, perhaps insurmountable. But tbe social and financial con- 
sequences of not generating sufficient savings to provide money on that scale are 
not pleasant to contemplate. A capital shortage of the magnitude that seems pos- 
sible would make the U.S. economy a tough place for anyone — individuals and 
giant corporations alike — to making a living. This is what a capital crisis would 

The financial markets would be chronically unable to provide the necessary 
flows of funds to finance the economy's expenditures at rates of interest that any- 
one could afford. Indeed, under the lash of a federal budget deficit of more than 
$100-lulllon in two years, this symptom of a capital shortage is already present 
in the U.S. financial markets even though the demand for funds Is low because 
of recession. Short-term interest rates have turned higher again, and long-term 
rates are already near or at historic peaks even though the economy Is only In 
the early stages of recovery, or a disturbingly large number of would-be bor- 
rowers, from New York City to some of the nation's largest corporations, there Is 
no money to be had today at any price. 

The U.S. economy would suiter from both chronic shortages of goods and from 
continued high inflation because capital expenditures by business would be insuf- 
ficient to generate enough capacity to meet demand at reasonably stable prices. 
A low utilization rate virtually guarantees that the U.S. will not become a true 
shortage economy again until 1980 at the earliest. But there will lie areas of short- 
age before then, and when and if the economy moves bnck to full employment, the 
press of growing demand against less rapidly growing supply will become acute. 
Shortages of such basic stuff ns chemicals, paper, and steel were already dis- 
turbingly visible during the last period of high employment In 1973 and early 
1974. Next time, there could well be shortages of nearly everything. 

The business cycle profile would consist of short, feeble recoveries quickly 
aborted. Constant upward pressure on Interest rates, and high inflation, will force 
the Federal Reserve into a tight, money stance early In recoveries, much as seems 
to be happening right now. This will make prolonged business upswings Impos- 
sible but prolonged recessions easy. 

The corporate structure of the U.S. would begin to resemble Japan's zaihatsu 
economy as strong companies gobhle weak companies at an acceleratl ee. The 
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capital-short economy discriminates agaiust any company that does not have the 
highest credit rating because lenders of scarce fuuda can afford to hold oat (or 
only the very highest ratings. Already there is a tiny group of companies that can 
raise new equity capital, a larger group that can raise debt capital, and a very 
large group that cannot raise any capital at all. There may not be a capital Short- 
age for all, but there almost surely will be a capital crisis for some. More and 
more of these bottom tier companies will fall by the wayside as the capital short- 
age becomes more intense. 

Social unrest and class conflict would become endemic because income gains 
will l>e thin to nonexistent. It is Indeed naive to imagine that the capitalist-mixed 
economy can long survive a capital crisis. A nation that has been convinced that It 
can grow at a fast clip — that every person has the right to a Job, an education, 
two cars and a bouse in the suburbs — will have to live instead within the strict 
limits ou the growth of income imposed by a capital shortage. "A central feature 
of modern economic society," says John Kenneth Galbraith in his new book 
Money, "is the rejection by subordinate classes of the prescriptive limits on their 
income arid consumption. Willi this rejection go claims on production that cannot 
be met ; from these claims come inflation." 



A severe capital crisis in the years ahpad is not foreordained. The only com- 
pleted, detailed studies of the long-term capital outlook that are worth their salt-— 
the studies by Barry I'. Bosworth, James IS. Duesenberry, and Andrew 8. Carron 
for the Brookings Institution, and by Roger E. Brlnner and Allen L. Sinai for 
Data Resources, Inc. — conclude that the U.S. will skirt the ragged edge of a 
severe capiat Bap rather than fall into tt. But these studies are based on what 
could well turn out to l>e Utopian assumptions, as their authors admit. In the 
Duesenberry -Bosworth -Carron study, the federal budget comes into balance in 
1077 and stays there. In the Slnai-Brioner study, the balance is achieved in 1078. 

Yet the conditions that threaten a capital shortage are the very same ones that 
could easily undo these optimistic assumptions about inflation and spending. The 
grim reality is that budget deficits promise t< " ' • - 

tioii higher than expected, and the U.S. can 
luckier or wiser than It has been in the past. 

So far, at least, both luck and wisdom seem to be in short supply. On the evi- 
dence, the U.S. has chosen not to deal with the real threat of a capital gap bat 
simply to ignore it. Closing that gap at a minimum requires changes In the tax 
structure that would provide greater incentives for savings and investment and 
greater disincentives for consumption. It is true that the Ford Administration has 
recognized the need for such changes and has proposed legislation aimed at im- 
proving the tax treatment for savings and investment. But what is mostly in- 
volved is a cut in the corporate tax rate — political quicksand in a year of near-9% 
unemployment. 

There are three related reasons for this indifference to the capital shortage 
issue. The capital gap is difficult to define, difficult to measure, difficult to under- 
stand, and therefore difficult to take seriously. Closing the capital gap would 
require changes that would be painful to many, since they would require 
people to consume less in the short run so that society may grow faster in the 
long run. And, finally, the most vocal proponents of the existence of a capital 
gap — corporate lobbyists, organizations like the New York Stock Exchange and 
the Securities Industry Assn. — represent those in society that would benefit 
most directly from measures designed to close it. It does not help that Wash- 
ington's No. 1 capital gap crusader, Treasury Secretary William E. Simon, has 
a Wall Street background with the investment banking house of Salomon 
Bros., a firm that would obviously benefit from pro savings, investment legis- 
lation. It certainly does not help that Simon lias done far better at selling 
bonds to Wall Street than legislative proposals to Congress. 

Difficulties with the definition of the capital gap exist because there is a 
sense in which there is ultcaj/n a capital gup, a sense in which there is never a 
capital gup, and a sense in which a capital gap can exist at some times but not 
at others. 

1JALANCINO OOALS AN!) SUPPLY 

A capital gap can always be said to exist because human wants are Insatiable. 
Any company that turns its engineers loose can always make a list of capital 
-~ ejects that it would like to complete that strptches from the earth to the moon. 
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And so can any unit of (ormuvil or any individual. Indeed, in its study of the 
capital gap that came ap with an WEiO-billion capital Kbortagr for the next 111 
years, the NYSE came jierilously close to this. The exchange's research depart- 
ment, in effect, estimated the rajmal needs of industries and units of government 
without analyiins whether the needs are realistic in The framework of the 
overall economy. As a consequence, the exchange left itself open to ridicule 
from many economists and from the labor movement i page 1IW i . 

The view that a capital shortage never exists is one that deserves to be 
taken far more seriously. Robert Eisner, a Northwestern University economist, 
who is a leading proponent of this position, calls the capital gap "a lot of hull." 
In an economic sense, he says, "it doesn't mate sense to talk of a shortage of 
either physical or financial capital." We live in an economy, he argues, where 
consumers and investors state their preferences and the market acts as a great 
clearinghouse. If people do not want to save enough to meet supposed require- 
ments, he says, 'that's just rough." If the demand for capita] is greater than the 
supply at existing rates of return, then those rates of return and real interest 
rates should rise and induce more savings. Eisner is critical of Treasury Secre- 
tary Simon. "It galls me that a guy like Simon, who says that he lieUeves strongly 
in the free enterprise system, really doesn't trust the market," he says. 

Yet there is an essential diflknlry with this view that a capital gap cannot 
exist, since the market equates the supply of savings with the demand for 
investment And that difficulty is simply that a society that is too profligate In 
consuming rather than saving will put such a high price on capital and therefore 
produce so little of it, that it will not grow fast enough to meet some .-omnionly 
accepted goals. 

It is, in fact, a study of the balance between commonly accepted goals anil 
the supply of capital thai is available to meet those goals that gives a rigorous 
economic meaning to the notion of a capital shortage. The question is not will 
there be a capital shortage, for the answer to that question is both "yes" and "no." 
Rather, the question is. given certain goals for economic growth and total 
employment, will the U.S. generate enough capital to meet them. 

Sound studies of the capital shortage do not. therefore, concentrate primarily 
on coming up with boxcar numbers to scare people with, such as the NYSE's 
$650-billion. Rather, they begin by asking where the economy is now and where 
Americans would like it to be in, say, 10 years. They then go on to estimate the 
capital constraints that are likely to he met on the way. In this sense, the capital 
shortage problem becomes a part of the whole question of economic growth, and 
once the capital shortage Is looked at in this way it begins to take on some real 
meaning. 

ACCUMULATING' CAPITAL 

Every since the days of Adam Smith, and even before, economists have rec- 
ognized that a simple — if pa infnl— condition be met : A society must, each year, 
produce more than it can consume. And if that society is going to grow, it must 
be able to find a mechanism by which the margin between production and con- 
sumption is invested in capital goods that can be used to increase productivity. 

ilndeed, as the classical economists up to and including Karl Marx denion- 
stratede with a clarity that eludes modern economists, the entire history of 
civilisation is bound up with capital accumulation. Man ceased to lie n hunter 
and began to develop the arts of civilization only when the then-fertile area 
between the Tigris and the Euphrates — ancient Mesopotamia — began to produce 
agricultural surplus that could be used to support a n on agricultural population. 
Civilization was similarly first brought lo a high form in ancient Egypt largely 
because the incredible fertility of the Nile's flood plain permitted the first really 
wide margin between production and consumption. The real breakthrough for 
the Western world came, of course, with the invention of the steam engine, which 
led to a quantum jump in productivity and permitted the economies of the West 
to develop at an incredible pace. 

The Industrial Revolution required a huge margin between production and 
consumption, and that margin has stayed high for more than 200 years. The 
margin between production and consumption, which economists call savings, Is in 
part determined by the stage of economic development a nation is In. As the table 
on page 92 shows, the margin is widest in Japan, which is still in the relatively 
early stages of development and lowest in the so-called mature economies like 
Britain and the U.S. 

The U.S. has managed to get by with a low savings-investment rate, and eon 
still do so compared to most countries. But in the past decade, the claims on that 
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margin between production and consumption have become Increasingly voci- 
ferous — from business, the public, and government — as both the willingness and 
the Incentive to save has become atenuated. 

Over the past 10 years government upending, including transfer payments, 
have been Increasing at an astonishing 9% annual rate, more than double the 
4% rate for the private economy. That growth of government speending lies at 
tbe beart of the capital market strains that have appeared in the past year. 
Although not generally recognized, economists view the government as a potential 
saver, counting government surpluses as well as personal and corporate setasides 
from production as part of the naton's total supply of savings. On the other 
hand, government deficits count as a claim against savings. In physical terms a 
government deficit means that the government is a net consumer — drawing 
more resources out of the economy than it is putting back in and eating Into 
the margin between production and consumption. 

THE MAMIN GETS BMALLEB 

Happenings in the fiscal markets represent the dollar analogy to the physical 
shortage of capital. Those who refrain from consumption provide funds to the 
financial intermediaries — the banks and other lenders — who then have the funds 
available to support investment. And a thin production-consumption margin leads 
to a thin supply of capital. The consequences of a thin capital supply are either. 

Rising interest rates as a strong demand for capital competes for the available 
supply. A capital shortage cannot actually be seen, since the price of capital 
(interest rates) keeps rising until, on any given day. supply and demand are 
balanced. Longer-run, though, the number of individuals and businesses that 
want capital, but cannot afford it, keep growing. 

Moves by the Federal Reserve to make up for the financial market capital 
shortage by pumping more money into the ecenomic system. But if the total 
amount of funds exceeds tbe amount that Is generated by savings (the difference 
between production and consumption ) the result is inflation. 

The possible outcomes of a financial market capital shortage are not confined 
to these two extremes. In an economy that does not save enough, it is possible 
and even likely that the financial markets will follow a zigzag pattern, alternat- 
ing between periods of tight money and soaring interest rates, and periods 
when the Federal Reserve tries to hold rates down by pumping money Into the 
system. 

The worthwhile studies of the capital shortage do not proceed in a vacuum. 
They emerge from simulations of the performance of the U.S. economy and 
of econouiic policy during the next decade. They then go on to estimate the capital 
requirements that result from these simulations. And while the studies disagree 
on details, there is agreement among them on what the basic contours of the 
economy will be and what will have to be done if a severe capital shortage is to be 

All studies begin by recognizing that business will be the key capital user 
during the next decade. According to the Data Resources study, for example, busi- 
ness investment in machinery (technically producers' durable equipment) will 
have to rise at a compound annual rate of 11.5% during the next 10 years vs. an 
H.d% annual rate between 1905 and 1974. To finance that spending, given an 
expected 5% to 0% inflation rate, companies will have to spend some $1.9- trillion 
in the next decade against $670-billlon In the next decade. 

There are a number of reasons why capital spending will have to grow at an 
accelerated pace. To begin with, the rate of capital spending has been low relative 
to the rate of growth of ouput in the past decade as the government sector (fed- 
eral and local) grew faster than the private sector. Also, tbe pollution and 
safety laws have increased the capital required for a given level of production. 
And, finally, there are signs that it is now taking more and more dollars worth 
of capital to produce one dollar's worth of output. 



But this is not the only capital spending problem and perhaps not the main 
one at all. It is clear, says Gary Fromm, who is conducting a capital spending 
study for the National Bureau of Economic Research, "that inflation will con- 
tinue to take a substantial bite out of investment potential." On the corporate 
side, Inflation causes depreciation allowances to fall behind the cost of replace- 
nt capital. So companies must continue to borrow heavily to finance capital 
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spending. And companies that have already borrowed to the absolute hilt, must 
continue to borrow heavily to finance capital spending, moving to still higher 
ratios of external financing to internal funds. 

"The windup," says Frornm, "Is that many companies will cut capital spending 
plans. Then we may find that the resultant growth of the capital stock would 
be Insufficient to sustain the growth of output that socles - desires." 

The main evidence of those who foresee no capital shortage is the drop In the 
rate of return on Invested capital that shows up in the chart on page 44. To 
some economists this suggests not that the supply of capital Is short, but raher 
that the falling return has cut Into the demand for capital. 

Yet to jump from the fact that the rate of return on existing capital is falling 
to the conclusion that the return on newly invested capital Is low may miss the 
entire point. In an analysis of the capital gap that has attracted wide attenlon 
among economists. Federal Reserve Governor Henry C. Walllch argues that there 
is a critical difference between the two. He says that rapid technological change 
and shifts In relative prices — particularly the price of energy — which is reducing 
the return on old capital may, in fact, be missing the return on new Investment, 

The need for accelerated capital spending growth, therefore, seems fairly well 
established. And so is one other key proposition : that the funds to support capital 
spending growth will be forthcoming if, and only If, the federal government 
reduces Its pressure on the capital markets. 



The Bosworth-Duesenberry-Carron conclusion that the U.S. will manage 
to skirt a capital gap Is heavily dependent on a federal budget surplus emerg- 
ing in fiscal 1977. In their model, the surplus emerges for two reasons. Expendi- 
tures grow only slowly ; federal spending on goods and services growing at only 
7% a year and actually falling in relation to gross national product. They do not 
allow for any major new social programs. And while transfer payments for Social 
Security rise at 10.9%, total federal spending grows at 8,7% a year, lower than 
the growth rate of the past decade. 

With spending under restraint, Bosworth, Duesenberry and Carron get sur- 
pluses, not because of major changes In government policy but because higher 
Inflation combines with real GNF growth to boost revenues by 11.7% a year. 

Should spending move up faster than these projections, however, the econ- 
omy would be in trouble on anybody's assumptions. And since each new victim of 
the capital crisis immediately demands financial relief from Washington, the 
odds are very good that spending will move up faster than these projections. A 
study prepared for Labor Secretary John T. Dunlop Indicates It will take major 
tax changes to generate enough savings to satisfy the demand for capital. 

Says Don Conlan, a former Dunlop aide at the Coat of Living Council who 
Initiated the study and who is now executive vice-president of Capital Strategic 
Services, a Los Angeles consulting group: "It's extremely unlikely that the fi- 
nancing techniques used by business in the past 3 to 10 years will do the trick In 
the next 5 to 10 years. Given the balance sheet deterioration we've already had 
in terms of the rising debt/equity ratio, it's questionable whether the public 
will be willing to hold as much paper as business will have to float, if there is no 
policy action to Improve cash flow." 

And that is the nature of the crisis : the need to Invest more to keep the 
economy growing, but also the Strong likelihood that given the tax laws and 
corporate balance sheets as they are, and the economy as It is likely to be, there 
will not be enough capital to meet those Investment goals. Some factors In this 
equation must change or the U.S. economy of the late 1970s and the 1880s will be 
unlike anything the American people have seen In nearly four decades : an econ- 
omy marked by slower growth, higher unemployment, and fewer fulfilled promises 
for nearly everyone. 

Jet Industries Ltd., 
Seattle, Waxh., September 12, 1915. 
Mr. Denny Miller, 
c/o Senator Jackson, i 
Old Senate Office Building, 
Washington, D.C. 

Dear Dekny : Attached Is self explantory copies of correspondence regarding 
an amendment I was too late In proposing for the House EV Bill which was 
passed a week ago. When I spoke to you on the phone in Seattle, I was confident 
that the Business Industrial Development Association was going to commit with 
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a 90% SKA guaranteed, shared bv the Rainier National Bank and Royal Bank 
TrastCo. (X.T.). 

BID turned us down because our projections showed we would need more than 
the $350,000 guarantee. We are still trying to raise funds for production In 
Seattle. Based on oar experience tbe Senate Bill should include: The- Adminis- 
trator may make direct loans to electric vehick 1 manufacturers if funds are not 
available from conventional sources." 

A. FOBBES CSAWFOBD, President, 

Jet Industries Ltd., 
Seattle. Wa»h.. September 12. 1975. 
Alan Hoffman. 
Senate Commerce Committee, 
Old Immigration Building, 
Washington, B.C. 

Dear A i.an : In accordance with our recent conversation I enclose a memo- 
randum covering an additional recommendation to the Electric Vehicle bill : 
It is recommended that the following be added to the loan guarantee clause: 
"The Administrator may make direct loans to electric vehicle manufacturers if 
funds are not available from conventional lending sources." 

The mechanics of enabling an applicant to apply directly could be initiated 
after being rejected by two lending sources. 
Hoping the foregoing is of some assistance, I am 
Sincerely yours, 

A. Forbes Cbawfobd, President. 
Enclosure. 

ELECTRIC VEHICLE BILL F 

The House Electric Vehicle Bill which passed on September 5, 1975 provides for 
(he Administrator to guarantee 90% loans to qualified manufacturers of electric 
vehicles with a maximum maturity of 15 years. 

This does not necessarily mean that lending institutions will have funds 
available. Tight money situations may result in banks and lending institutions 
giving priority to existing customers. In addition, some banks may not have the 
capital structure to assist a manufacturer in a small town. 

An electric vehicle manufacturer had a recent experience of having a. 90% 
SBA guarantee for a loan rejected by two banks because the manufacturers ulti- 
mate requirements were such that the SBA maximum guarantee of $350,000 
would not supply enough funds. The manufacturer could not show the banks a 
definite source of a future additional $1,000,000 or more indicated as needed by 
their cash flow projections. 

It is therefore recommended that the following be added to the guarantee 
clause : 

"The Administrator may make direct loans to electric vehicle manufacturers 
If funds are not available from conventional lending sources." 

e handled through 



U.S. Enebot Research and Development Administration, 

Washington, D.C., September S, 1975. 
Hon. W arret* G. Maont/son, 
Chairman, Senate Commerce Committee 

Deab Mb. Chairman : On June 3, 1975, Dr. James Kane, ERDA's Deputy As- 
sistant Administrator for Conservation, provided testimony i«fore the House 
Committee on Science and Technology, Subcommittee on Energy Research, De- 
velopment & Demonstration, on H.R. 5470, the Electric Vehicle RD&D Act of 
1975. The bill passed the House in the significantly modified version of H.B. 
8800 on Friday, September 5, 1975. My understanding is that the companion bill 
S. 1632, which is very similar to the original H.R. 5470, has l>een referred to the 
Senate Commerce Committee for evaluation. 
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It is my opinion that if enacted in their present forms, these bills would man- 
date a costly and premature program of questionable value. My views are cor- 
roborated in the June 17, 1975, letter on H.R. 5470 from Russell Train, 
Administrator, EPA, to Congressman Teague. Thus. I would like to reaffirm 
several points expressed in Dr. Kane's testimony. 

The emphasis of the bills is on near-term demonstration rather than develop- 
ment of improved electric vehicles. A basic premise Is that current lead-acid bat- 
tery technology is adequate for a limited production of electric vehicles which 
would be acceptable substitutes for at least some of the applications of conven- 
tionally powered vehicles. For some applications, such as urban delivery opera- 
tion, this is probably true. 

From the standpoint of obtaining useful range and adequate performance to 
allow such vehicle to mix safely with present day traffic in typical highway 
environments, improvements in the lead-acid battery are needed. Present lead- 
acid batteries have limited lifetimes. When life cycle replacement cost is in- 
cluded with energy cost, this results in a higher operating cost per mile than a 
conventional vehicle used for similar purposes, even at fuel prices three to four 
times that of today. We feel that this higher operating cost would discourage 
the acceptance of electric vehicles. Improvements In battery technology most 
occur before electric vehicles have a good chance of being economically competi- 
tive. Until these developments are realized, it would be premature to mandate 
a large and costly demonstration program designed to show the attractiveness 
of the electric vehicle option. 

In our opinion, a minimum of three to five-year program to develop advanced 
batteries would be necessary to provide vehicles with lower overall operating 
costs and thus the ability to gain public acceptance. This is the thrust of the 
ERDA's program which is described in Dr. Kane's previous testimony. We be- 
lieve tbat any demonstration program should be delayed until battery develop- 
ment programs are able to provide an Improved energy storage system that is 
more compatible with use in urban traffic patterns. Further, (he scheduling of 
such a demonstration program should incorporate, in addition to times required 
for development of new technology, lead times adequate for Government con- 
tracting and also sufficient time to evaluate and use earlier results in subsequent 
phases. 

Finally, the determination of the proper size of any demonstration fleet should 
consider a number of factors, Including the capability for producing the new 
technologies Involved. The numbers of vehicles specified in the bills appear some- 
what ambitious iu this regard. We believe that flexibility should be retained to 
permit the number of demonstration vehicles to be determined as the program 
develops. 

While we generally support the basic goals of the bills, especially the endorse- 
ment of the need for a vigorous effort In research and development on energy 
storage technologies and vehicle components, we cannot support these bills in 
their current form. This position derives mainly from our concern that carrying 
out a demonstration phase too rapidly may hinder, rather than foster, accept- 
ance of electric vehicles. 

In conclusion, let me repeat that I wholeheartedly support the goal of develop- 
ing non-petroleum propulsion options for transportation. The bills recognize the 
many advantages that will result from the use of electric or other stored energy 
vehicles. I fully agree that demonstrations are deslrahle to stimulate the inter- 
est of the general public. My only reservation is that in proceeding rapidly with 
current technology, we might not achieve the goal we both seek. 
Sincerely, 

Robebt C. Seam as :, Jr. 

Administrator. 

University of Rhode Island, 
Kingston, R.I., September SO, ISIS. 
Hon. Frank B. Mobs, 
Commerce Committee, V.B. Senate, 
Washington, D.C. 

Dear Senator Moss : I am responding to your letter of September IB request- 
ing ray opinion concerning HR 8800 and S 1632. 

Although there Is undoubtedly a place for electrical vehicles in our society. 
In my Judgment their use can be justified in only a few very special situations. 
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A serious effort to expand their use beyond these special cases would be, I be- 
lieve, a serious error. Since the major impetus toward an expended use of elec- 
trical vehicles is con serration, particularly conservation of petroleum, I shall 
address this problem first. 

Although a steam power plant, operating near its design load, is more efficient 
than a two or three hundred horsepower engine delivering thirty horsepower 
to propel a car at 56 miles per hour, a careful analysis taking Into account losses 
In the transmission of electrical energy over power lines, in Its conversion into 
chemical energy in a battery, its reconversion to electrical energy on discharge, 
and losses in the driving motor will show that the overall efficiency of the elec- 
trical car is no greater than that of the internal combustion engine powered ve- 
hicle. The advantage of the electrical vehicle, if any, Is due not to a better over- 
all efficiency, but to the fact that the electrical vehicles in use or under develop- 
ment are small, light, and underpowered relative to the cars with which they 
are compared. 

The October 1975 Issue of Contumer Reports, published by Consumers Union 
which arrived at my home today, has, fortuitously, an article on electrical ve- 
hicles giving lest data on the Citicar, the only U.S. electrical vehicle sold in any 
volume for general use, and another on the Honda Civic, an efficient, relatively 
clean internal comhustion engine vehicle imported from Japan. The data in 
these articles allow a comparison l>ased on actual test results. The Honda was 
reported as giving 21 miles per gallon in city driving (based on actual road tests, 
not the standard EPA dynamometer test), while the Citicar required 14 kilo- 
watt hours to cover 33.6 miles. Using the national average for central power 
plant efficiency and transmission losses, these numbers indicate that the Citicar 
used 4,400 Btu of primary energy per mile, while the Honda required 6,800 Btu 
per mile. It Is well known, however, that mileage improves drastically as vehicle 
weight and horsepower are reduced. If we compare these two vehicles we find 
the following data apply. 
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It seems reasonably safe to conclude that if the Honda were reduced by one- 
third in weight and by a factor of IS in power to match the Citicar, it would 
demonstrate a greater efficiency in the use of primary fuel than the Citicar, and It 
would still have a range of hundreds of miles rather than the range of 36 miles 
or less of the electrical vehicle. 

The engine powered vehicle has another distinct advantage over the electrical 
vehicle in that the waste heat generated by the millions of engines in use is 
rejected directly to air (through the radiator and exhaust pipe) in small amounts 
distributed widely over the landscape, hence is not a problem. Since it is gen- 
erated in the vehicle, some of it can be usefully employed to provide heat during 
the cold months. In the case of electrical vehicles the waste energy generated is 
concentrated at the power plant, and thus becomes a serious disposal problem — 
resulting in the thermal pollution which has made power plant siting such a dif- 
ficult and growing problem. Winter heat for the vehicle must then be supplied 
from new energy — a propane burner in the ease of the Citicar. 

But perhaps the use of nuclear energy to provide the electricity for electrical 
vehicles and thus save petroleum Is sufficient reason for promoting electric care. 
I believe the fallacy in the argument lies in the figures which Indicate that fis- 
sionable uranium (U235) will be exhausted at about the same time as petroleum, 
and only the early development and widespread use of the breeder reactor will 
extend the nuclear age much beyond the year 2000. Unfortunately the breeder, 
for many reasons. Is receding farther into the future, hence building a large 
fleet of electrical vehicles based on the hope that the breeder will be available 
when needed may prove to be a poor strategy. 

Even If the breeder should be successful beyond our fondest hopes, I do not 
l>elieve we can build the power plants that will l)e required to meet our needs 
even for the next 25 years, hence building residential and commercial buildings, 
electrical vehicles, and installing industrial processes that depend on these plants 
Mil generate insoluble problems within a relatively few years. I have d 
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adequate recognition be given to areas In which conflicting goals have to be 
reconciled. Presumably some of this need for coordination would be met by 
the proposal In both billN to put the project within ERDA, bnt I urge the Com 
mlttec tn give careful consideration to this aspect. 

As to the specific, procedures that might best be used to develop electric vehicles, 
the Committee has already received Home comments from Dr. David Ragone. As 
yon may know. Dr. Ragone haa been acting as a consultant to the TJA.W on 
automobile technology, and we have found his advice extremely helpful. While 
the comments, which he sent to your Committee on these bills, were not made 
on our behalf we lielieve that they identify important points that should be 
reflected in any electric vehicle development program. 
Sincerely, 

Leonard Woodcock, President. 

Patton. Bogus A Blow, 
Wanhinaton. D.C., October 9, 1975. 

Senator Frank E. Moss, 
Committee on Commerce, 
U.S. Senate, 
WaiMngton, B.C. 

Dear Senator Moss: OutlHiard Marine Corporation, 100 Seahorse Drive, 
Waukegan. Illinois. ("OMC"), has asked that I write to express its support in 
principal for H.R. X800 anil S. 1632, which would authorize a Federal Program 
of Research, Development and Demonstration, in the Energy and Research 
Development Administration ("ERDA"). This Program would lie designed to 
promote electric vehicle technologies and to demonstrate the commercial feasi- 
bility of electric vehicles. 

Since 1956, when 11 acquired the Cushman Motor Company, Lincoln, Nebraska, 
OMC' has manufactured and sold "electric vehicles" as defined In the proposed 
legislation. These vehicles are generally for off-road use. and are utilized in 
turf maintenance, and lu and around factories as personnel and burden carriers. 
Copies of current OMC brochures which depict these electric vehicles are en- 

As an established manufacturer of electric vehicles. OMC Is familiar with the 
many technological and marketing problems that confront present and potential 
producers of electric vehicles. Based on this experience, OMC considers tbe 
adoption of a Federal Program of Research and Demonstration as vitally nec- 
essary to the design and manufacture of advanced electric vehicles and their 
acceptability by the general public. 

We have reviewed the submissions to the Subcommittee on October 7, 1975, 
and wish to make one specific recommendation for amendment of the proposed 
bills. In our view, on of the major deterrents to the development of a com- 
mercially realistic, on-road electric vehicle has been the standards adopted by 
the National Highway Traffic Safety Administration ("NHTSA") pursuant to 
the National Traffic and Motor Vehicle Safety Act of 1966, as amended. At the 
present time, on-road electric vehicles simply cannot meet certain XHTSA 
standards, particularly those relating to crash -worthiness (the 200 series of 
standards). To date, five manufacturers have received exemptions from the 
more difficult of these standard*. White NIITSA has shown a commendable 
Inclination to grant exemption requested by electric vehicle manufacturers, we 
lielieve that the necessity of obtaining exemptions necessarily stlffles electric 
vehicle technology and ex vperi mentation. Obviously, the lack of certainty as to 
the standards that will be applicable to a full manufacturing run of vehicles 
deter manufacturer commitments of substantial funds to development of com- 
mercially acceptable vehicles. 

The proposed legislation does contain a requirement that NIITSA submit to 
Congress a report relative to the standards that should be applicable to electric 
vehicles within a fixed period. We do not consider this adequate. We urge that 
the Committee amend the proposals to require NIITSA to adopt, within sixty 
days of enactment, modifications of its existing regulations which would exempt 
any electric vehicle, designed for passenger car or multi-purpose passenger 
vehicle use, from any standard for which an exemption has lieen granted to any 
electric vehicle manufacturer. In other words, the current exemptions would 
become regulatory provisions available to all manufacturers without the neces- 
sity of application for an exemption. For example, the following exemptions are 
among those that have been granted : 
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<i> Standmid 103: Electric Defroitint Swttemt: NHTSA granted Sebring- 
Vansna.nl. manufacturer of the electric CittCar. an exemption from Standard 
103 on July 10. 1973. 140 Fed. Register 291151 based on tbe claim that a tow 
voltage electric beater and defrosting system has not been developed for use 
in small, light weight electric vehicles. 

(ii) Standard 406. Door Lock and Retention: NHTSA granted Searing-Van- 
guard an exemption from this Standard because binge load requirements cannot 
be met by a lightweight electric vehicle, i Ibid, i 

<lii) Standard. 214: Hide Door Strength: NHTSA granted an exemption from 
this Standard as disproportionate to the weight of a small electric vehicle. 

iibid.) 

(iv) Standard Hi: Theft Protection: This Standard was found to be imprac- 
ticable. (Ibid.) 

Moreover, because of the importance of devesting electric vehicles as an alter- 
native to the internal combustion vehicle, the Subcommittee should amend the 
proposed legislation to provide that any additional regulatory provisions that 
would be applicable to electric vehicles would only liecome effective With tbe 
concurrence of ERDA. Such coordination of regulatory functions between 
NHTSA {which is required to ensure safety of vehicles) and BRIIA (which Is 
required to develop alternate sources of power) is necessary to ensure orderly 
implementation of the objectives of the proposed legislation. Clearly, electric 
vehicle development cannot occur in an orderly fashion If there is a conflict 
between these agencies. Moreover, we anticipate that the information and 
knowledge developed by ERDA in the course of its activities under the proposed 
legislation should have a major influence on the development of standards ap- 
plicable to electric vehicles. 

iWe believe that tbe recommended amendments are not at all Inconsistent 
with the objectives of the National Traffic and Motor Vehicle Safety Act. 
Obviously, NHSTA has concluded that tbe public Interest commends adoption 
of the exemptions already granted and that the safety risks are outweighed 
by the need to develop fuel economical vehicles. 

We respectfully request that Ibis letter and its enclosures be Included in the 
Record of the hearings on tbe proposed legislation. If there are any questions 
or if further information should be desired wltb respect to the matters discussed 
In this letter, kindly contact the undersigned. 
Sincerely, 

Crabucs O. Vebbill, Jr. 

Album, Pebjcom A Albeei. 
ituvnt Vernon, JIM"., March 11, 1976. 
Mr. Alan Hoffman, 
Committee on Commerce, 
Dirkscn Office Building, 
Washington, D.C. 

Deab Me. Hoffman : We have been informed by the United States Government 
Printing Office that the final book on the Electric Vehicle testimony, which was 
given during the early part of Octolier, 1875 in relation to the Electric Vehicle 
Research Development and Demonstration Act of 1875, has not been finally codi- 
fied in the official book for this hearing. 

As yon know, at the hearing our client, on October 10, 1975, introduced Its new 
"Modularized Electric Motor". Since then we have had the opportunity to speak 
to ERDA and NASA concerning this new motor. The treatment that was accorded 
our client by both these agencies was virtually Insulting. In view of the tre- 
mendous potential of this new device. 

However, both agencies rendered a report, the first report by NASA, dated 
February 10, 1878 by Mr. Harvey J. Schwartz, and the second report by ERDA, 
dated February 17, 1876 by Mr. Kenneth F. Barber. These agencies did not have 
sufficient expertise to evaluate this motor. However, they saw fit to do so anyway. 
If the only criticism that can lie made against this new device Is contained In 
these two (2) reports by both ERDA and NASA, then this motor can only l>e 
deemed a success by reason of the fact that their reports show little or no under- 
standing of the basic concepts that are Involved in this new motor. 

Our client, Die Mesh Corporation, has analysed both of these reports. Therefore, 
we are attaching herewith n copy of hoth reports and the analysis thereof by 
Die Mesb Corporation. 
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We request that all of these documents be inserted Into the Congressional 
Record in relation to the Electric Vehicle Legislation, as part and parcel of the 
Die Mesh Corporation testimony. 

Thauk you for your kind cooperation in this matter. 
Very truly yours, 

Dante J. Albert. 
Enclosure. 



Analysis of Report of Nasa Dated February 10, 1976 by Hartey J. Schwartz 
and Report of ERDA Dated February 17. 1976 by Kenneth F. Babbeb Con- 
cerning THE BORELLO MODULAR ELECTRIC MOTOR 

ANALYSIS 

In order to understand the analysis of both ERDA and NASA, at the very 
outset it must be noted that prior to and during the attempted presentation of 
this new motor concept to both ERDA on January 7, 1976 and NASA on January 8, 
1976, here was always present a negative undercurrent and attitude from the 
officials who were supposedly there to first learn what had been invented and 
only then go on to render an educated, factual evaluation. The President of Die 
Mesh Corporation. Mr. Dominick Borello, went to both ERDA and NASA In an 
attempt to inform them about this new motor. Distressingly, he was never even 
allowed to complete his presentation. The officials from these agencies continually 
attempted to discredit everything he tried to set forth, by not letting him give 
a complete presentation which is absolutely necessary in order for one to under- 
stand this new motor. Mr. Borello was continuously Interrupted by textbook 
references that only applied to the conventional motor and the manner in which 
the electro and permanent magnets operated therein. They never took the time 
to try to understand how this new motor differed from the conventional motor. 

Mr. Borello, on both occasions, exhibited a non-working mechanical model to 
Illustrate the manner in which the magnets would operate. In both conference* 
there was absolutely no interest exhibited in this model. No questions were even 
asked thereof. If they had taken the time to examine this model or question it, 
they would have found that any arrangement for electro and permanent magnets 
and steel combinations could have been made, including the method used In a 
conventional motor. Therefore, it is obvious that they did not look at the model 
because both reports are totally silent on the aforesaid possibilities. 

Mr. Borello could not present these possibilities even on his own because these 
people were so bogged down In their Inability to understand the conventional 
motor and its internal workings. Further, they exhibited a surprising lack of 
knowledge concerning magnets. As a matter of fact, after these conferences were 
completed. ERDA was requested to bring in experts in magnets so that a proper 
evaluation could commence. Thia was never done. 

As an Illustration of what Mr. Borello was up against in his attempted presen- 
tation, the following Is set forth : 

1 . At ERDA one official had to go to a dictionary to get the definition of BTTJ's. 

2. Further, at ERDA during the discussion, no official was able to give the 
formula for horsepower, having to he told same by Mr. Borello. 

3. At NASA Mr. Borello tried to explain that the new motor employs magnets 
in their most perfect configuration. When one i>i£cfal was asked If he knew what 
was the best position for magnets to be placed .n to operate most efficiently, be 
said he did not know and had to get two ceramic magnets and test them for the 
l>est position before giving an answer, which untlmately agreed with the manner 
In which the magnets are placed within the Borello Motor. 

Further, at NASA Mr. Schwartz refused to accept the patent application, 
which Mr. Borello offered to leave. This would have fully explained the opera- 
tion of the four motor designs, with drawings. The patent application was also 
supposed to be sent to Mr. Schwartz by ERDA, which was never done. ThJa is 
apparent because Mr, Schwartz makes absolutely no reference to the patent 
application. Therefore, all that he had to base an evaluation on was a mechanical 
model which he did not look at, and a patent application which he refused to 
accept and a brief, handwritten synopsis by Mr, Borello, which was only set 
forth to briefly explain the simple form of the magnetic potential of electro and 
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be mounted on Mr. Borello s twelve inch discs. - He is obviously referring to the 
hand-carried uoit- working mechanical model, which if be bad listened to the 
presentation by Mr. Borello, be would bare known that it was onlT a model 
showing the mechanical design and not intended to relate to the hand -wr i tte n 
statement or to bare permanent magnets attached to it. 

It was apparent to Mr. Borello that Mr. Schwarta and company bad their 
minds made up in advance. Prior to leaving the conference. Mr. Schwartz toM 
Mr. Borello that the evaluation would probably be negative without any farther 
research on his part. This is shocking from a government official 

Botb reports are smitten with no facts to bark up their claim, either from the 
magnet people or bom their own simple unrelated experiments, thai this new 
Motor will be less efficie n t than the conventional motor. The conventional motor's 
efficiency ranges from 30*i to SOTt. representing the motor running at the exact 
RPM and load that it Is rated for. This does not include starting, overload and 
low voltage combinations which would further bring the efficiency down. 

Concerning the efficiency of a motor, the number 746 watts should equal one 
horsepower as continually told to Mr. Borello by these officials. However, it was 
continuously attempted to be pointed oat to them that a motor operating at 30% 
efficiency requites three times 746 watts which will total approximately 2500 
watts in order to equal one horsepower. If the conventional motor could reach 
80% efficiency under ideal conditions, it would require approximately 900 watts 
in order to equal one horsepower. It should be apparent by the range of wattage 
required, that 746 watts equal one horsepower is an erroneous number. 

The constant claim of both HR.DA and NASA to Mr. Borello at these confer- 
ences was that the concept of 746 watts equally one horsepower is a Law of 
Physics. Both HRDA and NASA were repeatedly requested to supply the precise 
method upon which the 746 watts was developed to produce one horsepower in 
magnetic force (and not heat). They could not supply an intelligent answer to 
this question. 

It must be noted at this juncture that the answer lo the aforesaid question is 
directly related to efficiency in a motor using magnetic force, such ai the BoreUo 

The uniqueness of the mechanical design of The Borello Motor will allow the 
use of any type of magnet combination or design conceivable to show the full 
potential of a magnetic force in a rotating machine. The concept of The Borello 
Motor is to use the fuel which Is the MMFS to Its highest efficiency. 

Both ERDA and NASA are laboring under a misconception when they both 
state in their reports that The Borello Motor claims to "produce more energy than 
it takes In". This further shows a complete lack of understanding by these agen- 
cies. The claim of this new device is clearly that "it is more efficient in the use 
of the fuel (MMF8)", thereby utilizing the available energy to Its full potential. 
There is nothing magical about a magnetic force in a conventional motor or out 
of a conventional motor. The only available force is the one that the conductor 
supplies. Therefore, the conventional motor is not adding anything to the force, 
but is only attempting to utilise that force in the concept presently In use In 
the known state of the art. The Borello Motor uses the same MMFS In the 
conductor bnt only In a more direct and efficient way. 

Another interesting point concerning these reports is that they both state that 
the Briez Magnet Company, which they attempted to get Information from con- 
cerning the efficiency of the eriez magnets In motion In this new motor, could 
not supply such Information. As stated in the BBDA report on Page 2 : 
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"The; (Eriez) replied that to theoretically determine the efficiency was 
an extremely complex problem, involving electric and magnetic transient 
circuit techniques. It's solution required data, such as time constants and 
values of Instantaneous inductance which they did not possess." 

In spite of not being able to obtain this absolutely essential information, prior 
to any intelligent and definitive evaluation, both these reports go on to render a 
"Textbook Theoretical Analysis" which can only be considered valueless. 
Further, these reports attempted to Rive reasons why it is impractical and al- 
most impossible to make useful combinations of electro-magnets operating with 
permanent magnets and electro-magnets operating wih electro-magnets in The 
Borello Motor. They say this in spite of the fact that even the conventional motor. 
which they espouse the magic of, must use these exact combinations to work. 
This is absolutely ridiculous in view of the fact that these problems were solved 
ninety years ago. 

Both of these evaluations very carefully and conveniently fail to state even 
one of the advantages of The Borello Motor, as set forth In the paper titled, "The 
Borello Modular Electric Motor", dated February 27, 1976 attached hereto, not 
to mention the fact that this new motor fs modularized, which Is unique In itself. 
Please refer to the aforesaid attached exhibit describing this new motor and 
its advantages. 

In observing exactly how this entirely new motor operates, it is extremely 
Important to realize that many magnet companies in this country have been 
continuously attempting to utilize the enormous power of both their electro and 
permanent magnets to make a better motor. The principle reason why tbey have 
not been successful to date, after numerous years of research, is that they have 
attempted to use their magnets In a reciprocating motion, rather than the circular 
motion employed by The Borello Motor wherein a magnet chases a magnet with- 
out ever making contact. 

At a time when our country finds itself in an energy crisis of monumental pro- 
portion and ERDA and NASA are "grabbing at straws In the wind" to improve 
energy efficiency, even by a mere 1%, the negative attitude displayed by both 
of these agencies should be condemned and further Investigated by Congress who 
has entrusted these people with the responsibility of finding true potentials for 
energy savings and not the boondoggles that they have wasted billions of dollars 
on. 

Finally, it is requested that both of these reports be evaluated by technically 
qualified persons with practical experience in both motors and magnets. After 
this evaluation by these experts, it is certain that the analysis of the ERDA and 
NASA reports, as set forth herein, will be confirmed. 

U.S. Energy Research and Development Administration, 

Washington, D.C., February 11, 1976. 
Mr. Dante J. Alberi, Alberi, Periconi and Albert, 
Lincoln Building, Mount Vernon, N.Y. 

Dear Mr. Alberi : As requested In your letter of January 23, 1076, I am for- 
warding the resultH of our evaluation of the Die MeHh Power Amplifying Borello 
Electric Motor in the attachment. 

As you will note In reviewing the evaluation, it Is our opinion that Mr. Borello's 
claims for a power amplifying machine cannot be supported by (act. Moreover, 
we believe the claim of power amplification is in direct violation of the most 
fundamental law of energy conservation. In addition, we have attempted to show 
how we feel Mr. Borello Is misusing the data made available to him by the mag- 
net manufacturers to arrive at what we consider to be erroneous conclusions. 

A second and Independent evaluation of Mr. Borello's electric motor concept Is 
being prepared by the NASA Lewis Research Center in Cleveland, Ohio, as a re- 
sult of the meeting which I arranged between Mr. Borello and NASA represent- 
atives on January 8, 1976. The results of the NASA evaluation will be forwarded 
to you within the next few days. 

As I indicated in my letter of January 20, 1976, and again during our telephone 
conversation on February 9, even though we do not feel the Borello motor fits 
within the near term objectives of the Electric and Hybrid Systems Branch, I 
am forwarding the Die Mesh proposal, patent applications and all correspondence 
relating to this wubject to the Concepts Branch. They will nubrnit the file to the 
Office of Energy Related Inventions at the National Bureau of Standards where 
still another Independent assessment will be made. 
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Again I would like to thank you and your client, Die Mesh Corporation, for 
the interest you have shown in energy conservation. 
Sincerely, 

Kenneth F. Bakreb, 
Acting Chief, Electric and Hybrid Systems Branch, 
Division of Transportation Energy Conservation, Office of Conservation. 
Subject: Review of Die Mesh motor concepts. 
Background 

A representative of Die Mesh Corporation met with ERDA personnel on 
December 22, l»i5 and January 7, 11)76 to discuss his concept of an electric motor. 
His intended application of the device Is use as a traction motor for electric 
vehicles. He also displayed a non-operable mockup of the device at each meeting 
to Illustrate the method of operation. A somewhat different version of the mock up 
was brought to each meeting. At the first meeting, an unsolicited proposal was 
submitted by Die Mesh entitled, "Production of 1000 Borello Electric Motors for 
Application In Industrial, Commercial and Consumer Use." The unsolicited pro- 
posal contains a three sentence statement of work and a time table which describe 
a thirty six month program to produce and test 1000 motors at a proposed cost of 
more than $11 million. A patent application Is attached to the unsolicited proposal 
and is Intended to provide a description of the device. The patent application 
illustrates four versions of the device, but only one version Is proposed for 
production, that shown In Figures 30 through 32 with accompanying text on 
pages 10 through 14. All versions employ principles of operation similar to those 
of a solenoid. 

A number of claimed performance advantages are made for the device, both 
verbal and written. Some of tiiese claims, made from time to time, are listed as 

1. The device Is said to utilize one-fourth the current input of conventional 
motors for the same output, all other conditions being equal. When a comparison 
Of this type is made with a conventional motor, the results show that the output 
power of the proposed device would have to be greater than its input power. 

2. More energy is said to l>e delivered by the device than is delivered to it. 

3. The device is said to lie a "power amplifier" which can deliver four watts 
for every one watt delivered to It. 

4. The device is said to be analogous to a solenoid where "the dissipation of 
comparatively little electrical energy, I.e., by the flowing of relatively small 
amperage current through the solenoid coil to generate the magnetic field thereof, 
a strong mechanical force or power stroke is achieved, during the magnetic pull of 
the solenoid plunger towards the coil." This Is said to be the reason for the larger 
output power with respect to the input power. 

5. The device la said to be comparable to an electromagnetic lifting magnet. 
Die Mesh discussions and "calculations" are based upon this comparison. 

6. Improvements are said to lie realized over conventional motors due to the 
re-orientation of the magnetic field with respect to the acted-upon magnetic 
material. Conventional motors are said by Die Mesb to possess a poorly function- 
ing, inefficient magnet; they have rotors which "move merely past, but not 
through the field" ; they contribute to "unpredictable electrical consumption," 
short circuits when stalled, "loss of directional power when starting with a load 
that causes counter-rotation. Inability to readily change speed and horsepower 
output," excessive repair costs, "inefficiencies caused by back EMF and other 
current losses which may amount to 20 percent of applied current," and other 
problems. 

Discussion 

Claims 1, 2, 3— These three claims are quite similar. Since the device Is claimed 
to produce more energy than it takes in, the claim Is a direct contradiction of the 
first and second laws of thermodynamics. This fact is sufficient reason alone to 
realize that the device cannot perform as claimed and should therefore be dropped 
Immediately from further consideration. However, It was agreed with Die Mesh 
that a more detailed analysis would he undertaken. 

Claims 4, 5— Contact was made with Erlez Magnetics who supplied Die Mesh 
with technical brochures and data sheets describing their electromagnetic lifting 
magnets. Die Mesh used this data as the basis for their calculations. Die Mesb 
results show an extremely low input power in relation to the output power. 
Telephone discussions were held with members of Erlez Engineering and Re- 
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search departments. It was agreed during the discussions that the magnets oper- 
ating as suggested below must have an efficiency of less than 100 percent. The 
sample operating problem as posed to Eriez was (the use of one of their lifting 
magnets held % Inch above a 1 Inch thick plate of steel. The magnet is required 
to attract the steel plate to Itself. Erlez research department was asked if they 
had any data that would Indicate what the efficiency of the lifting magnet would 
be. operating In that manner. They replied that to theoretically determine the 
efficiency was an extremely complex problem, involving electric and magnetic 
transient circuit techniques. Its solution required data such as time constants 
and values of instantaneous inductance which they did not possess. 

The research department contact said that input energy to an electromagnet is 
divided into two major components, energy stored in the air gap, equal to Li'/2 
(where L Is the variable inductance of the circuit and 1 is the instantaneous 
current), and energy lost in the coil equal to l'Rt (where i is current, R ia coil 
resistance and t Is time) . These parameters vary as the steel plate changes posi- 
tion, vary with temperature, vary with the transient time and require laboratory 
measurement for a determination of their instantaneous values. Electromagnets 
are widely used statistically (as a kind of magnetic hook) and are not normally 
required to do mechanical work. This is reflected in the type of limited data that 
Is available. 

Some of the Die Mesh calculations Involving an electromagnet show a result of 
61 watts input per horsepower output, indicating an Impossible efficiency of much 
greater than 100 percent. Die Mesh made an attempt at determining the Input 
and output power of an electromagnet that attracts and repels magnetic material 
placed ^ inch from its pole pieces by utilizing data supplied by Eriez Magnetics. 
However, Die Mesh did not apply the Eriez data properly, which resulted in 
erroneous conclusions. The following paragraphs attempt to show bow the data 
was misapplied. 

The validity of the Die Mesh power output calculations requires tbat the 
weight of the steel plate must be equal to the initial force (S600 pounds) exerted 
by the set of magnets at a distance of % inch from the magnet. To aid in 
visualizing the problem, the dimensions of a one inch thick steel plate of this 
weight are 11.75 ft. X 11.75 ft. The assumption by Die Mesh that the chosen elec- 
tromagnet has the capability to attract and repel this mass over an amplitude 
of % inch at a frequency of 00 cycles per second is not correct. No time-constant 
information of this type was available from the magnet manufacturer. The maxi- 
mum frequency at which the electromagnet could move the mass over the full 
amplitude could easily be two orders of magnitude lower than this assumed fre- 
quency. This arbitrary assumption is the primary reason that Die Mesh calcula- 
tions show such a high output power. 

Further, it should be realized that this electromagnet will not repel the steel 
mass when the current is reversed in its coils. If It is assumed that coil current 
flow in one direction produces a north polarity at the pole face, then a south 
polarity is induced in tbe steel plate thus causing an attractive force between 
magnet and plate. If the coil current is reversed, a south polarity Is produced at 
the pole face and a north polarity is induced In the steel plate also causing an 
attractive force between magnet and plate. The proposed device is said to possess 
permanent magnet plunger arms. It should be noted that when tbe current in 
each coll of tbe device is reversed, tbe resultant magnetic field tends to de- 
magnetize the surrounded permanent magnet plungers. The repellng force between 
coil and magnet is thus greatly reduced. 

Additionally, the comparison of tbe Die Mesh device with an electromagnet, 
although such comparison is not completely valid, should be performed with an 
electromagnet having a steel plate of more practical design with dimensions more 
nearly approximating the dimensions of the plunger of the proposed device. In 
performing the analysis in this manner it will be seen that the steel plate of tbat 
design will be easily magnetically saturated. This means that the attractive force 
between the magnet and plate will be greatly reduced because the magnetic flux 
has been greatly reduced. This effect can be seen hy referring to the "Test Data 
Sheet for Selectn Lifting Magnets" contained in the Die Mesh calculations and 
data booklet. The saturation effect Is the reason that the values of "tear-off 
force" decrease in any one of tbe data columns as the thickness of the steel plate 
decreases. Because of this, the output power of the device will lie much lower 
than the value calculated or, alternatively, the coll ampere-turns and resultant 
™t power must be increased significantly to produce the claimed output power, 
nally, the Input power to the coil of the electromagnet, cited in the Die Mesb 
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calculations, is a steady-state value. For a true value of the energy input to the 
coil, because it is operating in a transient mode, It is necessary to measure tbe 
instantaneous power over tbe time occurring between switch closure and steel 
plate contact with the pole face. The resulting power versus time curve must then 
be integrated with respect to time. The actual power input is quite different from 
the steady state value because of the changing circuit inductance. 

Claim 6. — The claimed problems with conventional motors are misstated. A 
conventional DO series motor has the following losses : windage, friction, i'R 
losses in the coils, commutator segments and brushes, hysteresis, eddy current 
and fan losses. Motors, such as the type operating in ERDA's experimental elec- 
tric vehicles (10 Kilowatt input), are stated to have an efficiency of about 85 per- 
cent at their design point. Larger motors have efficiencies In the 90 percent to S3 
percent range. It is expected that the Die Mesh device could not approach the effi- 
ciency of conventional motors for the following reasons : 
Albert, Perconi, and Alberi, Lincoln Building 

I'R. — In conventional motors, the magnetic flux exists almost entirely In steel, 
whose reluctance Is low, except for the small air gap. In the Die Mesh device 
the magnetic flux exists largely in air whose reluctance is high. This means that 
many more ampere-turns are required to produce an equivalent Qui and also 
means that I'R power losses In the coils will be greater. 

Windage — A brief comparison of the rotor of a conventional motor, with Its 
relatively, smooth surface perpendicular to its rotation, and the Die Mesh device, 
with Its paddle-like design, seems to Indicate that windage losses will be much 
higher in the latter design. 

Friction — In conventional DC series motors, friction losses occur in the two 
beatings and in the commutator/brush contact. In the Die Mesh device, several 
rotating elements are involved that must be attached separately to the shaft 
resulting in many more bearings. In addition, the one-way clutches utilised to 
interrupt tbe rotation of each individual element will produce a significant 
friction loss. These clutches are operated a number of times during each revolu- 
tion of the shaft, continually engaging and disengaging their sprag or roller 
elements. The high frequency of operation contributes adversely to their useful 
life. It is expected, therefore, that the proposed device will exhibit a low reli- 
ability with respect to a conventional motor. 
Conclusion 

It is Judged that the Die Mesh device cannot live up to its claims of superior 
operation, nor can it approach the operating characteristics of conventional 
motors. No evidence has been presented by Die Mesh to justify encouragement 
of this concept. The proposed device does not fit Into the research, development 
op demonstration goals of the Electric and Hybrid Systems Program. 

National Aeronautics and Space Administration, 

Lewis Research Center, 
Cleveland, Ohio, February S, 1976. 
Mr. Dante J. Albebi, 

Alberi, Pertconi, and Alberi, Lincoln Building, 
Mount Vernon, N.T. 

Dear Mr. Alberi : Enclosed Is a copy of our analysis of the Power Amplifying 
Borello Electric Motor which we have conducted for and provided to Mr. Ken- 
neth Barber of ERDA. I hope this Information will assist Mr. Borello In evalu- 
ating his idea. 

Sincerely, 

Harvey J. Schwartz, 
Manager. Electric VeMcle Project Office. 



On Thursday, January 8. 1976. Mr. Borello of Die Mesh Corporation met with 
Harvey Schwartz, Frank Gourash and Ed McBrlen of NASA to explain his new 
motor concept. Mr. Borello brought a conceptual model which consisted of two 
discs about a foot In diameter mounted on a single shaft and arranged and con- 
nected by one way clutches so that they could only rotate in ooie direction. The 
model did not Include any electrical or magnetic devices, although their locations 
were indicated. The new motor concept was substantially different from the con- 
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cent reviewed previously as described in the letter from Harvey Schwartz to 
Kenneth Barber (BRDA), dated December 8, 1975. 

Mr. Borello explained the operation as follows. On each disc would be located 
an electromagnet and a permanent magnet. Each electromagnet would be located 
adjacent to the permanent magnet of the other disc. When an electromagnet is 
energized so that Its field aids the field of the other disc's permanent magnet, a 
force of attraction exists. Because of the one way clutch, only one of the discs 
may rotate. When the current in the coll is reversed, the fields are opposed and 
the force Is one of repulsion. Again, because of the one way clutch, the disc that 
previously rotated Is restrained and the other disc rotates. As the coil current 
alternates the discs continue to step. A similar action takes place between the 
other coll and permanent magnet combination. Any number of coll magnet com- 
binations may be added. Mr. Borello did not present any information regarding 
the control scheme or jiower sources for the electromagnets. 

We all agreed that the motor would probably work as described. We disagree 
with Mr. Borello regarding the efficiency of his motor. Mr. Borello's calculations 
indicate that his motor requires only 61 watts per HP (see Exhibit A). The 
claimed efficiency is 746/61X100=1222%. If this claim were true the motor 
could be used to drive a conventional generator, which then could supply the 
61 watts and still have enough power left over for other purposes. Mr. Borello 
brushed aside all attempts to discuss the theoretical Impossibility of this claim 
by telling us that the proof lies in the data sheets of magnet manufacturers and 
that our conventional analysis methods were incorrect. The communication 
problem appeared to he caused by Mr. Borello's apparent misunderstanding of 
the technical meanilng of the words force, work, energy and power. The meeting 
closed witli our agreement to analyze bis calculations and catalogue data in more 
detail, checking with his sources as required. 

Page 1 of Mr. Borello's calculations (see Exhibit A) refers to 4 electromagnets 
weighing 130 lbs. each and having a pulling force of 1400 lbs. at %" spacing. This 
data corresponds to Eriez Magnetics Company Model SI>-10 Electromagnet work- 
ing in conjunction with a 1" steel plate. (See Exhibit R) An attempt to obtain 
more information from Eriez was made on January 15. 1976. Mr. Al Amldon, Sales 
Manager, and Mr. Bill Benson. Chief Electrical Engineer, were contacted. They 
confirmed that the data sheets used by Mr. Borello contained static test data 
only. The data sheets are Intended to Illustrate the capabilities of their lifting 
magnets. Such items as electrical and mechanical time constants, inductance and 
other dynamic parameters were not available. This is not surprising: since 
transient data or data where relative motion between the magnet and load occur 
is not important to electromagnet manufacturers. They confirm that the SIj-10 
magnet configuration is that of a pipe and a concentric rod. They also described 
the "tear off test" procedure as follows ; the magnet Is placed in contact with the 
steel load and spacer combination. The magnet Is fastened to a scale which. In 
turn, is suspended from a lifting device. The magnet Is energized and then lifted. 
The force just prior to tear off is recorded. We also discussed the reasons for the 
non-linearities of the test data and confirmed that the 228 watts shown is the I* R 
loss when the magnet is cold. The cost of the 81-10 magnet Is $467. 

Because dynamic information Is not available from Eriez, an attempt was 
made to generate the data. The starting point was to examine the Eriez SL-10 
electromagnet in its normal mode of operation. Exhibit C shows a cross section 
of the magnet including the dimensions supplied by Eriez. Since 10% inches 
corresponds to the O.D. of 10" pipe, it seems probable that the outer cylinder Is, 
In fact, standard commercial pipe. Consequently, two trial designs using schedule 
40 and schedule 60 pipe were made. The results are tabulated in Exhibit C. The 
only assumption made in the dimensional calculations was to make the magnetic 
cross sections approximately equal throughout the entire structure. Such an 
assumption tends to optimize the use of magnetic material. Mounting four mag- 
nets of this size on 12" diameter discs may present some problems, but this was 
assumed possible for this analysis. 

The next step was to calculate the flux density using the Eriez data sheet, 
which shows 1400# tear off force at % Inch spacing. Mr. Borello uses this data 
point as the basis for his calculations. A convenient formula by Creamer ' and by 
Matsch *, gives the values of flux density tabulated In Table 1. Prom these values 
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the total flux, air gap field Intensity, ampere turns, and inductance may be cal- 
culated. The validity at the formula was checked by solving Slemon's problem 
1.32.* The problem is of interest since it has the same magnetic structure as the 
Eriex magnet. Both Slemon's and t'raeiner's -nethods lead to the published answer. 
It might be noted that Craemer's book was published in 194K, Slemon's in 1966 and 
Matsch's in 1972. 

Both the schedule 40 and schedule 60 calculations lead to a nearly Identical 
value of inductance of 17.3 henries. However, the schedule 40 design bad a cal- 
culated flux density of 138,000 lines/in' at contact. Since this value is above tbe 
saturation level of steel, schedule 60 is a better design. Even 117,000 lines/In' Is a 
high value. At this level tbe device is non-linear and there is considerable mag- 
netic leakage and fringing. 

At this point, consideration may lie given to the mode of operation suggested by 
Mr. Borello. Of primary coucern is how fast can tiie magnet lie cycled. Mr. Borello 
gives no judication as to how he would energize the magnet but that it would be 
done at a rate of 10 times per second. The simplest and probably tbe most efficient 
way is to connect the magnet to a D.C. source by means of a switch closure. More 
sophisticated forcing functions such as a decaying exponential or a high frequency 
slnousoidal or square wave generator might be employed to increase speed but at 
a probable sacrifice of efflceucy. 

For purposes of analysis a step function of voltage, obtained by a simple switch 
closure was assumed. If no relative motiou were to take place between the magnet 
and load, the current would build up exponentially according to the equation 
Ht) = (T/R) (i— «<■'-"). The L/R time constant is 17.3/76.7=0.23 seconds. Actu- 
ally, as the load is attracted to the magnet, the inductance and time constant both 
Increase. Exhibit I) shows a normalized pint of both Yiit) and C(t\R assuming 
constant inductance. The area under the I"i(l) curve Is proportional to the energy 
supplied by the electrical source. The area under the C{t)R curve is proportional 
to the energy transformed Into heat and lost to tbe system. The area between the 
curves is proportional to the energy stored in the magnetic field. These energies 
are expressed by the following equations. 

Energy iupat= jJvi(t)dt=^T+^ e ~T_|] 

H-ii—J7«|fwi*-}[r+¥ .-"-4 ."¥-»] 

, V i r -— l -— LI 

Magnetic energy = iL[i(0)'= B \_-Le l +jg « L +g J 

The objective is to obtain the maximum amount of mechanical work with the 
least expenditure of energy. The curves indicate that shortly after closing the 
switch most of the energy goes into the magnetic field. At times greater than sev- 
eral time constants virtually all the input energy is transformed into heat. The 
efficiency curve shows the ratio of magnetically stored energy to total input energy 
at any time. Since mechanical work must come from the stored energy, the effi- 
ciency curve sets an upper bound on the overall efficiency. 

The curves also Indicate that at any time say T—0.2 L/R the current has only 
reached 18% of its final value. According to Creamer's formula, force is propor- 
tional to B* (flux density, squared) which is proportional to current squared. For 
instance at T—O.t L/R current squared is only 3% of its final value. Conse- 
quently, the magnetic force will be only 3% of its final value. In the case of the 
SIa-10, 3% of 1400 lbs. is 42 lbs., indicating that the magnetic materials would 
not be efficiently utilized. 

The basic differential equation which mathematically describes energy con- 
version Is — 
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The terra on the left In the Input energy. The three terms on the right are 
respectively the energy transformed Into heat, energy stored in the magnetic 
field and energy transformed Into mechanical units. 

The process of obtaining mechanical work from the stored energy is depicted 
graphically in Exhibit E, where magnet! zation curves for two airgaps are shown. 

As the magnet ia energized the current -and flux linkage increase to point A. 
The energy stored in the magnetic field is proportional to the area to the left 
of the curve. The slope of curve is proportional to inductance. 
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As the load moves the air gap decreases and the Inductance increases until point 
B is reached. Two of the infinite number of possible paths are shown. Tiie hori- 
zontal path in the upper picture represents instantaneous movement from point A 
to point B. The original stored energy is proportional to the area of the triangle 
OAC. The final stored energy is proportional to the area of the triangle OBC. 
The difference of the two areas which Is the area of the triangle OAB is pro- 
portional to the energy converted into mechanical units. The two to one ratio 
of flux linkages waa chosen to approximately correspond to the calculated flux 
ratio of the SL-10 magnet. As a result, 50% of the stored energy is converted 
to mechanical work. The remaining 50% niust be either dissipated as heat or 
somehow returned to the supply. 

The vertical path from A to B represents very slow movement In this case 
additional energy is drawn from the supply. The additional energy is propor- 
tional to the area of the rectangle ABCD. The mechanical work is again propor- 
tional to the area of the triangle OAB. This mechanical work is equal to % tile 
additional energy input. The amount of mechanical work done is greater but 
there is also more stored energy tn lie dealt with. The actual path the load will 
follow Is somewhere between the two paths shown. The upper bound on mechan- 
ical conversion efficiency is 50% unless some very sophisticated control scheme 
is employed. 

The final phase of the analysis is to Include the permanent magnet in the 
design. Mr. Borello's calculations (see Exhibit A) refer to a 39 lb. magnet hav- 
ing a pulling force of 250 lbs. at %" air gap. This magnet data corresponds to 
Bunting Magnetic Company Catalog No. CH-717 (see Exhibit F). This particular 
horseshoe magnet is no longer available from Bunting, but was 8%" high, 10" 
wide, and 1" thick. The cost was about $200. As was the case for the Eriez Model 
SL-10 electromagnet, it is not clear how this permanent magnet could be mounted 
on Mr. Borello's 12" discs. In addition, the horseshoe shaped permanent magnet 
will not magnetically couple well with the concentric pales of the Eriez Model 
SIi-10. This magnetic mismatch precludes an analysis based on the particular 
devices referenced liy Mr. Borello. Only a more generalized treatment Is possible. 

Exhibit G shows a typical hysteresis loop of permanent magnet material. Usual- 
ly B (the flux density) Is plotted against ff (the magnetiziugforce), but plotting 
♦ (total flux) against NI (ampere turns) seems more appropriate here. The 
magnet is initially magnetized in a closed magnetic circuit by subjecting It to a 
magnetomotive force #/„„. The resulting flux is **. When the magnetomotive 
force is reduced to zero, the flux reduces to the residual value ♦*. If upon remov- 
ing the magnet from the magnetizing device, or if by removing a keeper, an air 
gap is introduced into the magnetic circuit the flux is further reduced to point 
A. If the air gap is eliminated by reinstalling the keeper, the flux will not re- 
turn to the residual value, but will traverse a minor hysteresis loop to point B, 
Subsequent removal of the keeper will move the operating point back to A. As the 
operating point moves from A to B, the magnet does mechanical work and the 
energy stored by the magnet is reduced. As the operating point moves from B to 
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A, the mechanical system must supply the energy which will be restored in the 
magnetic field- The are* of the minor hysteresis loop Is proportional to the extra 
mechanical energy which must be returned to the magnet on each cycle. Hie 
average slope of the hysteresis loop is the same as the slope of the magnetisation 
curve at ♦.. Increasing the air gap has the same effect as subjecting the perma- 
nent magnet to a demagnetising magnetic field. 

In Mr. Borello's motor the permanent magnet is subjected simultaneously to the 
demagnetizing effects of both a varying air gap and an external field. For beet 
utilization of material the operating point A should be near the knee of the 
magnetisation curve, ruder no conditions should the external field exceed SI, 
or the magnet will be demagnetised. 

■A permanent magnet operating In conjunction with an electromagnet is shown 
in Exhibit H. In general, both leakage fluxs and the mutual flux are all functions 
of the magnet spacing. However, the mutual dux Is much more dependent on 
the spacing than are the leakage fluxs. Without loss in generality the permanent 
magnet may be replaced with an equivalent electromagnet carrying a constant 
D.C. current The problem then becomes one of calculating the force which ta 
developed by two inductively coupled circuits. 

'With each of the flux paths there is an associated value of inductance. Assum- 
ing linearity L=n*/l—N'iiA/x where N is the number of turns on the coll, p Is 
the permeability, A is the cross section area of the flux path, and r is the length 
of the flux path. In the case of the mutual flux, inductance is inversely propor- 
tional to the magnet spacing. In the case of the leakage flux the spacing affects 
the effective cross section of the flux paths. A convenient formula for calculat- 
ing the force In such a doubly excited system is given by Matsch* 

, 1 - , din, , . . dM , 1 . , dLa 

'=2" -dT +, '*-d7 + 2 , '-aT 

This formula Is equivalent to the one previously developed for a single elec- 
tromagnet. Here !•■■ and Ln are self-inductances which include both leakage 
and mutual components. All three inductance are functions of x. 

If «, represents the constant valued current in the electromagnet which re- 
placed the permanent magnet, and tj is the real current in the electromagnet, 
then the operation can be described as follows. When i* Is equal to zero, the 
last two terms on the right equal zero and the attractive force is determined 
by the first term only. One of Mr. Borello's discs will rotate so as to make the 
air gap a minimum. As i, increases in such a direction as to set up a field oppos- 
ing the field of the permanent magnet the second term on the right produces a 
negative force. Because of the strong dependence of the mutual flux on the 
spacing tt, this second term soon predominates and the magnets are repelled. 

Mr. Borello's other discs will then rotate. As the current U is reduced to zero 
the force again becomes one of attraction and the first disc rotates again. It 
is not necessary for the current it to actually reverse for the machine to work. 
Reversing i, merely increases the attractive force. 

Summarizing this review we believe that Mr. Borello's motor will run but 
its efficiency will probably be less than conventional motor designs. Exhibit D 
put an upper bound on the efficiency of storing energy. Exhibit E showed that 
only a part of the stored energy can be converted to mechanical work. In the 
example used, only 50% was converted, but this might be increased by Ingen- 
ious designs which could return the energy to the source hut would still always 
be less than 100%. Magnetic losses have been ignored In this analysis. At high 
cycle rates, both hysteresis and eddy current losses are important In both the 
permanent and electromagnets. Eddy current losses may he reduced by laminat- 
ing the magnetic structure. This will increase costs. All mechanical losses 
were also neglected as were mechanical time constants. One mechanical loss 
which should be considered is the impact loss that occurs when the two magnets 
collide. The impact may cause deteriorization of the permanent magnet. The 
ideal control scheme appears to be one in which a large current suddenly flows 
in the magnet until the disc starts to rotate. The current should then decrease 
as the air gap decreases. No control methods were suggested In Mr. Borello's 
presentation. 

* Matsch, I*. W„ Electromagnetic and Electromechanical Machines, pg. 62. 
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Biuma Corp., 
Elkhart, Ind., March 26, 1976. 
Mr. Allan Hoffman, 
Senate Committee im Commerce, 
Dirtoten Senate Office Building, 
Washington, D.C. 

Deab Mb. Hoffman : In accordance with your telephone conferences with our 
counsel, Peter A. Greenburg, I am transmitting to you under cover of this letter, 
a pro Forma cash flow analysis, balance sheet and profit and loss statement for 
the production of a four passenger electric vehicle such as the one for which 
Elcar Is now tooling. Because Blear has been planning and Is now ready to 
commence the production of such a vehicle, we have compiled current coat 
Information which should be of use to your committee in determining the 
proper parameters for loan guarantees which will accomplish their objective of 
facilitating the production of electric vehicles by qualified prospective small 
manufacturers. The purpose of this presentation is simply to give your com- 
mittee an understanding of the costs and cash flow which may be reasonably 
anticipated by such manufacturers after the completion of the design phase and 
the development of an actual prototype which is ready for production. A hand- 
bill with a picture and basic specifications for the Elcar model for which these 
costs were compiled is also enclosed. 

The financial information presented presumes that the sums required for the 
project are represented by $100,000 of paid In capital and a federally guaranteed 
15 year loan of $3,333,333. For demonstration purposes the maximum loan 
permissible under the provisions of Section 11 of H.R. 8800 is presumed. Snch 
a loan would be eligible for a 90% guaranty. The financial structure selected 
therefore depicts a hypothetical manufacturing enterprise utilizing to the fullest 
the loan guaranty program of H.R. 8800. This example is not reflective of 
Elcar's actual financial structure or plans. In order to reflect an amortization 
schedule consistent with the cash flow projections, it Is presumed that no prin- 
cipal payments will be made until the end of the first year; that the interest 
accruing during the first year will be paid at the beginning of the second year, 
and that thereafter interest and principal would be paid in level installments 
over the fourteen year balance of the loan period. 

More fully described, the three exhibits submitted are a pro forma cash flow 
for the initial twelve month period, a pro forma three year balance sheet, and 
a pro forma three year profit and loss statement. For simplicity the cash flow 
projection assumes that the full loan proceeds are taken out on the first day 
of the first month of the year and that all capital equipment is purchased out- 
right on the same day. While all capital equipment would have to be procured 
at the outset in order for orderly production to begin, in any actual venture the 
loan proceeds would be drawn as required in order to minimize the accrual of 
interest. The cash flow projection was selected simply as being a good format by 
which the hypothetical venture could be pictured at its moat critical stage. The 
total production forecasted for the first year Is 3,960 vehicles. By the end of 
the first year production would reach 600 vehicles per month with one shift 
being in operation. The pro forma balance sheet and profit and loss statement 
presume that during the second year one shift would be utilized for a total pro- 
duction of 7,200 vehicles and that in the third year two shifts would operate to 
produce 12,500 vehicles. 

A major assumption in the hypothetical is that each car Is immediately sold 
and delivered upon completion and that there is never an ending inventory of 
the vehicles. The Inventory items referred to In the balance sheet and the profit 
and loss statements are component parts, raw materials, and work In process. 
It is generally deemed desirable to maintain a one month's supply of materials 
to minimize the possibility of production being interrupted by causes beyond the 
manufacturer's control. No consideration has been given to factors such as 
seasonal demand for vehicles and possible dealer stock piles. 

An advertising budget of $100,000 per month is presumed from the very com- 
mencement of the enterprise. This is deemed necessary because of the baalc need 
to acquaint the public with the very existence and utility of electric vehicles 
as well as with the product of the particular manufacturer. Substantial snms 
must therefore be devoted to what is normally termed institutional advertising. 

Many minor items included in general categories in the exhibits are generally 

known to be proportionate to manufacturing actlvitv in accordance with known 

standards. Increases in wage rates, cost of materials, and overhead due to In- 

tion would cause a corresponding increase In the price of the product and 
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1 caj*iT*I im*ns*atKt. Pralvrwa a* •rtbf Vie! -ft 
7,200 mmia per year iMt m mbt ".be faDtst possible nse .«tf :l«c .*vayvarfJ!iJ^ 
f aCiBlani and 1m alias PMfcH ■ covid he iMnml n* ltVoW man. jwc .iw wsA 
an how in labor Mb at «•*& ud wiitenn ihe need of a sec-nad shift. It 
protiaetkni at a anvi it e.ieewf of 1CL00O units jw year is desarvd a *v\«l jfc-.ft 
would have I* be added. Ha— filaiiai npntwf wwtes tij: a <wval rffjft 
will fanrtkm U a level of asavoximatrly «r=6 of the c«V*ei»cy of a tost shift. 
In this iMutf a Mtari ahifl coald be expected to produce anpev xto ni ttet? 
5,400 nin pa- year. A third ffcift ranld be expected to prodnce a* aowttltEsaJ 
5,400 unit* per year *> ikat the auliB capacity of the facilities ooa4ea*riated 
la approximately IfuOM rati per j«r. TV additional labor expms* 1wmh< 
aa a nanH at cnevtuae or airnrr wares on second and third shifts Is of saall 
rdgnrfieanee in thai tabor imaD» for lens rhan £.-!•% of dilM cost. 

Wc feel it best not to spend*!* on the manner br which prodoctkw may be 
increased beyond the l&OOt unit level or whether additional aid la the form 
of further loan guaranties would be required (■> implement soch an increase. 
Thin would depend on mur factors which are mit*«n at present, sock as the 
degree of aosduntlentkui to be utilised in production and the devJrahtUty of 
developing facilities in more than one geographic area in an endeavor to take 
advantage of favorable local rinrumstances or mini mice Transportation costs. 

The information submitted is only useful in informing the committee of the 
requirements of a small manufacturer which has completed its basic research 
and product development and is ready to commence actual production. The 
figure of $5,000 per month for t esta ten and development in the projections 
reflects the activity and expense allocated to product improvement and presumes 
the preexJatenee of a well designed vehicle. 

Elcar ia anxious to render all assistance possible in facilitating the passage 
of S- 1S32 with appropriate loan guaranty provisions. Should yon desire any 
greater detail or explanation concerning this presentation or any other Infor- 
mation relating to electric vehicles or their production, please contact Peter A. 
Greeuborg, Esquire, who will see that any request is expedited. 
Very truly roars, 

I*os G. Shahs aram an. President. 
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FORMA BALANCE SHEET 
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National Aeronautics AND Space Administration, 

Washington, D.O., October 3, 1975. 
Hon. Frank E. Moss, 

Chairman, Subcommittee for Consumer*, Committee on Commerce, 0.8. Senate, 
Washington, D.C. 

Dear Mb. Chairman : This Is to response to your letter of September 19, 1975, 
in which you request answers from the National Aeronautics and Space Adminis- 
tration to a list of specific questions on the bills S. 1682 and H.R. 8800. 

As j-ou know, NASA has done extensive work in areas of technology relevant 
to electric vehicle development These areas Include, for example, batteries, elec- 
tric control systems, electric motors, materials, lightweight structures, etc. All of 
these technologies were employed in the development of the lunar roving vehicle, 
which had the characteristics of both a spacecraft and an electric vehicle. As an 
example of our current involvement In urban electric vehicle technology, NASA 
Is funding a small demonstration of the application of nickel-zinc batteries in 
postal service vehicles. Also, ERDA and NASA have recently signed a Memoran- 
dum of Understanding under which we hope to cooperate closely with ERDA in 
this and other areas of mutual interest. 

As indicated in our report of July 23, 1975, to the Committee, NASA's position 
on S. 1632 is that since ERDA would be the Agency primarily responsible for 
the conduct of the project envisioned by the bill we would defer to it for sub- 
stantive comments. Our position on H.R. 8800 Is the same. 

The questions you asked are attached together with our comments. 

If we can bo of further assistance to you or the Subcommittee, please do not 
hesitate to call o 



Sincerely, 



Joseph P. Allen, 
Assistant Administrator for Legislative Affair*. 



Enclosure. 

NASA's Answers to Questions on S. 1832 and H.R. 8800 

Question 1. What changes or additions would you make to S. 1632 or H.R. 
8800? 

Comment. As we have previously stated, since ERDA is the agency which 
would be primarily responsible for the conduct of the program envisioned by 
these bills we would defer to them for substantive changes or additions to the 
legislation. However, we do believe that any legislation la this area should 
recognize the need for flexibility for ERDA to formulate and carry out a pro- 
ject which is consistent with its overall research and development programs. 

Question 2. What specific benefits do you see arising from such a demon- 
stration program ? 

Comment. A premature demonstration could, in our view, result in a potentially 
unfavorable reaction from the public and could significantly delay further 
development or acceptance of electric vehicles. If legislation were to be enacted. 
It should be structured so that ERDA would be able to phase any demonstration 
to avoid such a result- 
Question S. Some electric vehicle proponents raise the concern that "prema- 
ture" demonstration might lead to a negative public perception of electric 
vehicle potential due to alleged limitation cost and performance characteristics 
of existing electric vehicles. If you agree, how might the demonstration program 
be restructured to avoid this problem? If you disagree, please Indicate why. 

Comment. Rather than defining the scope of a demonstration program at this 
time. It would seem more Important to set priorities and define technology goals 
and objectives. The decisions concerning the scope and nature of demonstration 
programs, as these technology goals are achieved, should be based upon the studies 
and recommendations of ERDA, the Department of Transportation, and inter- 
ested Industry representatives. 

Question 4. Is one year a sufficient time in which to purchase and evaluate a 
baseline electric vehicle fleet of 200 to 300 vehicles, and develop performance 
criteria for purchase number 2? If not, what timeframes would you suggest? 

Comment: In order to accurately and objectively establish the current com- 
mercial level of technology, it will be necessary to obtain vehicles from a number 
of manufacturers. This will require a reasonable procurement lead time and the 
preparation of objective evaluation standards prior to the conduct of actual tests. 
A key consideration in planning the evaluation program will be the opportunity 
to accurately Identify limitations (both economic and technical) of existing 
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Comment. Until initial technology advancements have been achieved, and 
reasonable numbers of demonstration units produced and tested by localized 
fleet operators such as the postal service or other organizations using vehicles 
from a central location, we do not believe that the scope of the infras tract u-re 
problems can be realistically denned. 

Question 11. What are the performance characteristics or current technology 
electric vehicles? What improvements in lead-acid battery technology do you 
foresee in the next 5- and 10-year periods? What are the implications of these 
improvements for the performance characteristics and purchase and life cycle 
costs of electric vehicles? 

Comment. Current electric vehicles have an effective year round operating 
range of about 30 miles in city traffic with a top speed of 40 to SO miles per hour 
depending upon the vehicle. Operation at top speed reduces vehicle range by 40 
to 50 percent. Acceleration Is usually less than found in conventional compact 
cars. In general, the performance is suitable for normal city street traffic but is 
not compatible with the requirements imposed by most freeway or Interstate 
traffic. Within 5 years, assuming an aggressive technology advancement program, 
we believe that vehicles could achieve consistent 50 to 60 mile ranges in city 
traffic, speeds up to 55 miles per hour, a performance capability equal to freeway 
driving for less range, and a battery lifetime of 4 years vs. the 1 to 2 years now 
available. Lower life cycle costs should occur due to the increased life of the 
batteries. Actual cost differences cannot be realistically estimated until the 
system design, performance requirements, safety consideration, and other cost 
items have been analyzed in considerable detail. 

Question 12. In your opinion, what other batteries show promise of future use 
in electric vehicles, and on what time tables? What performance character- 
istics ami costs will be associated with the use of these other 'batteries? 

Comment. Three battery types offer substantial improvement over today's 
production lead-acid battery. These are an improved lead-acid, nickel-iron, and 
nickel-zinc. These batteries offer an improvement over current lead-add bat- 
teries and when included In properly designed electric vehicle systems should 
provide the performance needed to meet virtually all unban driving require- 
ments. Experts in the battery industry have predicted that these would become 
cost-competitive with today's traction batteries with sufficient volume aud re- 
cycling of used batteries. 

Advanced batteries, particularly those nslng alkali metals at high tempera- 
tures (llthlum-iron sulfide, sodium -sulfur, etc.) will require 7-10 years to reach 
a comparable status. These are laboratory articles at present and many diffi- 
cult technical problems remain. 

Due to the present uncertainties about materials of construction and manu- 
facturing procedures, cost estimaSesare not possible. 

Question 13. What problems or constraints might arise in large scale manu- 
facture of electric cars with respect to production equipment and manpower 
skills? What problems might be antictpat«l by electric vehicle manufacturers in 
the areas of materials or capital availability? 

Comment. Current and projected concepts for electric vehicles do not appear to 
Impose significant production equipment design or manpower skill problems. It Is, 
of course, necessary that the electric vehicle system design be particularly con- 
cerned witb assuring ease of manufacture from the standpoint of both production 
equipment complexity and the skill mix required. 

Preliminary information indicates that until advanced alkali metal batteries 
are available, the introduction of more than 10 million total vehicles using bat- 
teries made of lead, nickel, and zinc would create shortages of these materials. 

Question 14. Please state your views on the current and future applicability of 
safety standard and regulations to electric and hybrid vehicles. 

Question 15. What steps might the federal government take to facilitate intro- 
duction of demonstration electric and hybrid vehicles into state and local govern- 
ment fleets? 

Question 16. What institutional impediments do you see to the widespread 
Introduction of electric vehicles? 

Comment. NASA really has no experience or expertise upon which to base 
answers to these questions. These are significant questions which should be ad- 
dressed hy EHDA In formulating any research /demonstration projects In this 
field. 
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Drab SETAItK Moe* : Tfcis fe*i« is in respLV* U> i\«r request «J SrtwW a Wr IA 
1975 for rbe news of this IVpaiiBsenc and ura»f$ ti> >v>ur iinestkw pertaining tv 
the subject matter of HR nHWl an act. and S. 1*32. a hill n> idUkVo- in taw 
Energy Research and Derolofanent Admintar»tK« a Federal program of rw- 
search, developroetit. and demonstration designed to prxmMp electric vehicle (N^ 
nologies and to dtmoonniir ine commercial feasibility of cievtrio t**uv-*ew. 

With re sp ec t to H R SsOO. Section 2 details the economic and environmental 
findings of Congress and suCTests a Federal role in promoting Jerehyfccl oX 
electric and hybrid vehicles. Section 3 states a polk? of encouraging Rfcl' on earc- 
trie and hybrid vehicles with the goal of Introducing them into the fleet, and Sec- 
tion 4 defines key terms used in the bill. Sections 5 and 6 delegate project Manage- 
ment to ERDA and define the responsibilities of management and objectives of 
the project. Section T establishes a timetable for developing performance stand- 
ards and criteria and for production of electric and hybrid TehWes. Section S 
authorises the introduction of electric and hybrid vehicles into the Federal tiov- 
crnment fleets. Section 9 authorises the Administrator to conduct research on 
incentives to promote use of electric vehicles and to assess long-range material 
demand and pollution effects which may be caused by electrification of urban 
traffic and on the applicability of safety regulations to such vehicles. Section 10 
requires efforts to ensure that small business concerns and individuals have 
adequate opportunity to participate in the program. Section 11 authorises loan 
guarantees to assist the commercial development of electric and hybrid vehicles 
and sets limits on the total amount available to a single qualified tMimnver. Sec- 
tion 12 outlines the contents of the semi-annual reports to Congress. Section 13 
authorizes appropriations in the total amount of $160,000,000 for the period 
through fiscal year 1960. 

S. 1632 substantially parallels H.B. 8800 but refers to electric vehicles only, 
does not provide for loan guarantees, and differs in some sections. 

The Secretary's recent statement of national transportation policy noted our 
intention to preserve and maximise the unique contributions of the automobile 
while striving to increase its energy efficiency, economic and socially resamnsible 
use, and safety. The more intelligent and socially responsible use of automobiles 
is a matter of urgent and continuing concern. 

The Department has been and is involved in a number of activities that are 
relevant to issues raised by the act and the bill. For several years, the Depart- 
merit has conducted studies and sponsored research related to the energy usage 
of automotive vehicles. Several of these studies have been evaluations of the 
present and potential capabilities of automotive power plants, including electric 
propulsion systems. The Department's automotive energy efficiency program, 
while assessing the improvements in fuel economy that manufacturers may 
make in their production vehicles over the coming years, has also supported 
evaluations of nigh performance batteries and of hybrid engines for cars. The 
National Highway Traffic Safely Administration (NHTSA) is supporting de- 
velopment of automobiles with substantial improvements In safety performance 
consistent with good emissions control and good fuel economy. The Department 
last year conducted with the Environmental Protection Agency n Congressional!? 
mandated study of potential improvements in motor vehicle fuel economy. This 
year It is leading the interagency Task Force on Motor Vehicle Goals. Beyond 
1980. In addition, the Secretary is a member of the Low Emission Vehicle Certi- 
fication Board (established by Sec. 212 of the Clean Air Act), which has con- 
sidered electric vehicles exclusively. 

Based on tbis specific experience concerning eleotrlc vehicles and our experi- 
ence concerning automotive vehicles and their use, we have several olwervntlonii. 

First, electric vehicles available today are not competitive with conventional 
automobiles for reasons tied to the characteristics of available batteries. The 
law energy and power densities of lead-acid batteries put rather severe limita- 
tions on the range of electric vehicles. If electric vehicles are ever to lie com- 
petitive -with heat engine powered cars, it will l>e necessary to develop high pet- 
formance batteries. Other special requirements of electric vehicles are relatively 
minor. 
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Second, vehicles which are to be used by a large segment of the motoring 
public must be evaluated in terms of the real requirements the market imposes 
cm those vehicles, as well as the requirements imposed i>y Federal regulatory 
agencies. Electric vehicles designed Cor a segment of the automobile market 
should l>e compared lvJtb cars designed for that same market using the tech- 
nology of the spark -ignition engine or using technology that would be available 
in the same time as the advanced battery. 

Third, the potential benefits of electric vehicles appear problematical after 
close objective examination. For example, the overall energy efficiency (miles 
per energy unit) of electric vehicles on a typical urban driving cycle is some- 
what uncertain hut appears to be less than the energy efficiency of a car with 
spark -ignition engine designed to the same performance levels. Also, the environ- 
mental l>enefits are a tradeoff between less hydrocarbons, carbon monoxide, and 
oxides of nitrogen produced at street level and more oxides Of nitrogen and sulfur 
produced by fossil fueled stationary power plants, or, if nuclear power plants 
are used, there would be other environmental effects. 

Fourth, if large numbers of electric vehicles are to enter the fleet of cars on 
the road, they should offer the same minimum degree of safety performance 
as required of conventional vehicles produced in the same year. The occupants 
of electric vehicles would he exposed to much the same hazards as occupants 
of other cars and deserve the same degree of protection. In addition, safety 
hazards associated with battery must be given adequate consideration to bold 
the risk to the public to levels consistent with normal use of automobiles. 

Fifth, substantial changes would be required in the infrastructure of sales, 
maintenance, fuel supply, etc., which support automobile use if electric vehicles 
should come into large scale use. 

With respect to H.R. 8800 and S. 1632, we support the concept that ERDA 
should support research and development of batteries for electric vehicles and 
the development of hybrid power plaints. It is appropriate for ERDA to support 
the R&D through the exploratory development and advanced development 
phases. It would not be appropriate for ERDA to develop advanced batteries 
to the point of commercial production. Commercial battery producers in private 
industry should retain that responsibility. 

It is our view that the demonstration of electric vehicles by the Federal 
Government is premature by many years considering the maturity of electric 
vehicle technology. Moreover, it Is not at all clear that the public would benefit 
enough from the use of electric vehicles to warrant the demonstration. The 
effect of the demonstration would be to stimulate the electric vehicle market, 
in effect, through an Indirect subsidy to the producers of electric vehicles. 
Electric vehicles are already being produced for a small market and are being 
evaluated by a variety of users. If people are sufficiently convinced of the value 
of electric vehicles for their purposes, they can obtain the vehicles from sup- 
pliers. There does not appear to be good justification at this time for Federal 
intervention of this type in the electric vehicle market. 

It also appears that the timetables specified in the bill and the act for pur- 
chase of electric vehicles and for the development of criteria may be too abort 
to be carried out with effective results. 

For these reasons, we believe the demonstration aspects of the act and/or the 
bill should not be supported. 

Our answers to the questions you posed are enclosed. 

The Office of Management and Budget has advised that there is no objection 
from the standpoint of the Administration's program to the submission of this 
report for the consideration of the Committee. 
Sincerely, 

John Hast Elt. 

Enclosures. 

Question No. 1. What changes or additions would you make to S. 1632 or 
H.R. 8800? 

Answer No. 1. Our general observations on S.. 1632 and H.R. 8800 are given 
in the text of our letter. Our comments on individual sections of these bills 
follow and apply to both bills except where one bill is specifically identified or 
a section is only In one bill. 

Section 3(a). We disagree with the suggestion that it should be the policy 
of the Federal Government to demonstrate the commercial feasibility of electric 
vehicles or any other product The marketplace Is a better measure of the 

immercial acceptability and feasibility of products. 
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Section 3(h). If tbe Federal Government assumes an active role fai promoting 
use of electric or hybrid vehicles and substitution of these for vehicles presently 
in use, adequate steps should be taken to ensure the safety of occupant* through 
strict applicability of safety regulations now in effect for other vehicles. 

'Section 5(c). We believe that most of the activities described in this sub- 
section are not tbe proper function of ERDA and that many are not the proper 
function of any Federal agency. Hie only activity properly the function of both 
the Federal Government and ERDA Is that in paragraph ( 1 ) regarding research, 
which, we support. Hie activities described in paragraphs (2), (3), and (4) 
should remain within the province of private business, especially with respect 
to the activities described in paragraphs (2) and (4). It is doubtful, In a contest 
of changing technology, that anyone could develop an "optimal" overall design 
of lasting validity. Further, the Federal Government is no better and probably 
less qualified than the private sector to deal with the problem of optimal design. 
The activity described In paragraph (5) would be more appropriately assigned 
to DOT as It Involves subject studied by the Department with respect to all 
modes of transportation. 

Section 6. We support paragraph (1) given the precedents of government 
research assistance In a variety of different product lines. The primary barrier 
to the successful marketing of electric vehicles Is the state of energy storage 
technology. We have no objection to paragraphs (2), (3), and (4), except that 
their close relation to transportation makes assignment of responsibility to 
ERDA rather than DOT questionable. For example, NHTSA is already examin- 
ing, pursuant to title II of the Motor Vehicle Information and Cost Savings 
Act, the ease of diagnosis and repair of internal combustion engine vehicles ; 
the Office of the Secretary is assessing methods to increase fuel economy of 
cars and trucks; and the Federal Highway Administration is studying traffic 
control systems to optimize tbeir effectiveness. 

Section 7. We oppose this section. Although there is some recognition elsewhere 
in the bills that the principal barrier to marketing the electric vehicle la the 
state of energy storage technology, this section implies that tbe barrier might 
be consumer ignorance instead. The evidence to support that notion Is not ap- 
parent in the House report on H.R. 8800. This, apart from questions raised about 
the propriety of the Federal Government's becoming Involved in the section 7 
demonstration, there is strong reason to believe that tbe public funds for im- 
plementing this section would not be wisely or usefully spent. 

As H.R. 8800 recognises In section 7(a)(1) and (2), the first and second 
groups of vehicles to be purchased by ERDA would largely reflect the current 
state-of-the-art Although section 7(a)(3) would specify the use of advanced 
components and designs, It would be prudent to provide ERDA with authority 
to determine that the final round of electric vehicles should not he produced if 
electric storage and drive train technology has not advanced sufficiently to 
make production of that round worthwhile. Even in four or five years, there 
can be no certainty that electric cars will have better batteries and drive trains 
leading to better performance and higher consumer acceptlbillty than existing 
vehicles. 

In section 7(b), the Administrator is to develop performance "standards and 
criteria." In order to avoid confusion with safety, emission, and damageabilUy 
standards, we suggest that the terms "requirements and criteria" be substituted 
for the terms "standards and criteria" wherever the latter terms appear in the 
act. 

In a related matter, we prefer the version that appears In H.R. 8800 of the 
last sentence in section 7(b) (1). Unlike the Senate version of this sentence, the 
House version refers to vehicle safety as a matter concerning which ERDA 
would be required to consult with appropriate authorities, presumably including 
DOT In developing its safety criteria. 

Section 7(d) of H.R. 8800 seems to reflect a judgment that the Buy America 
Act would not apply to the vehicles to be procured in the absence of the sub- 
section. To tbe extent that section 7 seeks to stimulate the domestic electric 
vehicle Industry, subsection (d) would reduce the flexibility of ERDA and 
might thereby reduce the chances of obtaining such vehicles. 

Section 9(d). Since the National Traffic and Motor Vehicle Safety Act of 1966 
entrusts DOT with sole Federal authority to regulate new vehicle safety and 
these bills deal only with setting safety criteria for a demonstration project, 
the purpose of the requirement in the HouBe bill for DOT'S submission of a 
report to ERDA regarding the "current and future applicability of safety sti 
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ards and regulations to electric vehicles" Is obscure. It would be much more to 
the point to hare ERDA make recommendations to DOT regarding the special 
consideration, if any, that should be given under the Vehicle Safety Act to 
electric vehicles. 

Question No. 2. What specific benefits do you see arising from such a demon- 
stration program? 

Answer No. 2. One effect of the demonstration program would be to create an 
artificially Increased demand for electric vehicles. Such demand would tem- 
porarily benefit manufacturers of electric vehicles and of parts therefor. Whether 
such stimulation would lead to advancements in electric power plant and drive 
train technology is unknown, but probably doubtful given the small size of the 
artificially Increased demand. The demonstration would also create some added 
public awareness of electric vehicles and might generate some information on 
the maintenance and durability characteristics of electrical propulsion systems. 

Although some promoters of electric vehicles credit them with substantial 
benefits In the form of reduced overall energy consumption, reduced petroleum 
consumption, reduced environmental Impacts, or reduced costs relative to con- 
ventionally powered vehicles, the reality of these benefits is questionable. Spec- 
ifically, a comparison of the overall energy requirements of battery powered 
cars and spark-lgnltlon engine powered cars designed to approximately equiva- 
lent performance levels indicates little or no advantage to the electric vehicle. 

Question No. 3. Some electric vehicle proponents raise the concern that "pre- 
mature" demonstration might lead to a negative public perception of electric 
vehicle potential due to alleged limited cost and performance characteristics of 
existing electric vehicles. Do you agree or disagree that this danger exists? 
If you agree, how might the demonstration program be restructured to avoid 
this problem? If you disagree, please indicate why. 

Answer No. 3. Both NHTSA and EPA have suggested that a demonstration 
program now might well be premature and counterproductive. Since even the 
third group of vehicles to be purchased under the House bill would very likely 
be similar to current electric vehicles, which are beset with problems involving 
cost, reliability, acceleration and speed capabilities, and range, the result could 
he a negative public reaction to electric vehicles. The public's current doubts 
about such vehicles would simply be reaffirmed. The possibility of injur; to the 
cause of electric vehicles could be heightened if the criteria required by section 
7(b) are used to create an artificial, unrealistic environment in which the 
electric vehicles to be procured are produced with substantially leas safety 
protection than current internal combustion engine vehicles of subcompact or 
compact size. The difference under these circumstances between a demonstration 
electric vehicle and a safe electric vehicle might be substantial. A massive public 
information campaign about the demonstration vehicle might simply create false 
expectations about the electric vehicles that would be available to the public. 

Question Tfo. j. Is one year a sufficient time In which to purchase and evaluate 
a baseline electric vehicle fleet of 200 to 300 vehicles, and develop performance 
criteria for purchase number 2? If not, what time frames would you suggest? 

Question No. 5. Are the time schedules for purchases number 2 and 3 appro- 
priate? Please explain. 

Answers No. 4 and 5. The time schedules required in the act for the procure- 
ments appear to be too short to have their intended effect. Typically, Federal 
procurement procedures lead to periods of six months or more between the 
completion of a statement of work and the flnal approval of a contract by both 
parties. Six months to a year or more probably would be needed by a manu- 
facturer between the time of contract approval and the delivery of the first 
vehicle for small volume production. In addition, test and evaluation of vehicles 
and subsequent development of revised performance requirements probably 
cannot effectively be accomplished in much less than 18 months. 

Procurement and evaluation of a baseline fleet of 200 to 300 vehicles that have 
already been designed and are already in production possibly could be accom- 
plished within two years of enactment. If the evaluation results in revised per- 
formance specifications that require additional engineering development, the 
contract for purchase number 2 might be signed by the end of the third year 
after enactment and delivery of the first vehicle might be possible a year later 
with an additional year needed for manufacture of the 2500 vehicles. Assum- 
ing that evaluation and development of revised performance specifications starts 
with delivery of the first vehicle of the second purchase, the contract for pro- 
curement of 5000 "advanced" electric vehicles might be signed by the end of the 
seventh year. 
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Qucttirm No. 6, What, in your opinion, nill be the state-of-the-art in electric 
and hybrid vehicles within 42 months of enactment of II. R. 8800. assuming 
enactment during 1975? What Government policies would contribute moat to 
commercialization of electric and hybrid vehicles? 

Answer No. 6. We defer to ERDA for an assessment of the state-of-the-art of 
electric and hybrid vehicles within 42 months of enactment of H.R. 8800. 

The Government policy that would contribute most to commercialization of 
electric and hybrid vehicles in the Ions run without direct subsidies is to support 
exploratory and advanced development of high performance batteries that have 
some chance of competing directly with general purpose ears. 

Question No. 7. In addition to battery research, where should a Federal HAD 
program on electric and hybrid vehicles focus its efforts? How much funding 
should be provided for battery research and these other efforts during the neit 
Ave years? 

Answer No. 7. Most of Federal funds for electric and electric hybrid vehicle 
development should be allocated to battery research since the battery is the 
most inadequate part of the propulsion system. Vehicle systems design studies 
are also necessary. In addition, mechanical energy storage hybrid systems appear 
to hold promise for more efficient automotive power plants. Mechanical hybrid 
vehicles have mechanical rather than electrical dri vet rains. They Include fly- 
wheel energy storage and continuously variable transmissions. 

The level of Federally sponsored R&D in tbis area should be consistent with 
the overall level of Federal R&D for advanced automotive power plants and 
with the potential benefits of successful development. We defer to ERDA, of 
course, for establishing these levels. It would be appropriate for a significant 
portion of the Federal funds for development of advanced automotive power 
systems to be allocated for Improved energy storage systems — principally for 
advanced batteries and flywheel storage systems. 

Question No. 8. Are there other vehicle technologies that offer comparable re- 
duction in petroleum consumption and reduction of environmental impact to 
that of electric and hybrid vehicles? If so, is the special emphasis given to 
electric and hybrid vehicles in S. 1632 and H.R. 8800 Justified? Please explain. 

Answer No. 8. Vehicle technologies that offer comparable or greater reduction 
In petroleum consumption and reduction of environmental impact include re- 
design of vehicle structures to reduce weight, advanced catalyst systems, and 
engine control systems for the conventional spark-Ignition engine, improved 
drive trains, and alternative engines, such as the Stirling, diesel, and gas turbine 
engines. These energy saving technologies with pollution benefits are described 
in reports of DOT, EPA, ERDA, and NASA. 

The special emphasis given to electric and hybrid vehicles in S. 1632 and H.R. 
8800 is not Justified. It would be more appropriate to provide adequate support 
for ERDA's program to conduct exploratory and advanced development of ad- 
vanced automotive propulsion systems. 

Question No. 9. How can an adequate manufacturing base and adequate com- 
petition be assured In electric vehicle production? Do S. 1632 and H.R. 8800 
adequately address these needs? What changes or new provisions might be 
useful In this regard, if any? 

Answer No. 9. The major issue for electric vehicles Is whether their severe 
disadvantages with respect to conventional vehicles can be overcome by a de- 
velopment program so that they could compete successfully for the mass market. 
The manufacturing base for electric vehicles can be expected to evolve over time 
as the market for them expands. While H.R. 8800 provides for R&D on electric 
vehicles, for procurement of vehicles, and for financial assistance to manufac- 
turers, the necessary development of electric vehicles is not given enough time to 
be successful. The artificial stimulus to the electric vehicle market provided by 
the bill does not ensure that electric vehicles will be competitive when the stimu- 
lus is removed. Our recommendation is to support exploratory and advanced 
development of high performance batteries through ERDA rather than to demon- 
strate noncompetitive electric vehicles. 

Question No. 10. What infrastructure (for example, public or private re- 
charging stations, maintenance and service facilities, etc.) must be developed to 
support the demonstration program called for in S. 1632 and H.R. 8800? What 
problems might be anticipated in establishing such an Infrastructure? 

Answer No. 10, The usual infrastructure of repair parts depots will be re- 
quired and these will have to take vehicle distribution into account. If the 
vehicles are restricted to fleet use in specified and limited geographic locations, 



)y Google 



the establishment and maintenance of electric vehicle service stations should 
not be too serious. IF Individual ownership on a geographically unrestricted basis 
is Intended, the repair and maintenance problem could become difficult It can 
be anticipated that the cost of these vehicles will be considerably greater than 
a conventional car and that maintenance and repair costs will also be significant. 
Altered insurance rates may also be encountered. An educational program for 
vehicle maintenance and servicing would have to be provided, as well as an 
educational program for users. The latter program would include information on 
maintenance, safety, realignment of driving habits to conform with performance 
characteristics, range limitations, recharge scheduling, etc. The infrastructure 
for maintenance and servicing would include technological education for main- 
tenance staff, mechanisms for feedback of information on servicing to manufac- 
turers (and ERDA), as well as the costs of facilities, parts, inventory, etc. 
If the program is to lie effective, a detailed information retrieval and dissemina- 
tion system will be required. Manufacturers, service stations, and users will need 
to keep careful records and a detailed data analysis program will be essential. 

Question No. 11. What are the performance characteristics of current technol- 
ogy electric vehicles? What improvements in lead-acid battery technology do yon 
foresee In the next 5 and 10 year periods? What are the implications of these 
improvements for the performance characteristics and purchase and life cycle 
costs of electric vehicles? 

Answer No. 11. Electric vehicle performance Is characterized in terms of range 
rather than the conventional definitions associated with internal combustion en- 
gines. In terms of power/weight, the typical Internal combustion engine vehicle 
has values from 0.02 to 0.040 HP/lb. The typical current technology electric 
vehicle has values from 0.009 to 0.015 HP/lb. Thus, on a comparative basis, the 
electric vehicle shows rather low performance to the extent that power/weight 
ratios are a measure of performance. 

An important caution is required with regard to the use of range as a criterion 
of electric vehicle performance. In actual practice, range is affected by driving 
habits, terrain, temperature, etc. 

Current and projected performance characteristics of lead-acid batteries are: 
an increase in power density from 10-12 W-hr per lb to 16-20 W-hr per lb and 
power density from 10 W/lb to 20 W/lb. Cycle life is highly variable up to 2000 
cycles. Projected cycle life is unknown. Improvements in energy density and 
power density will he achieved by such engineering techniques as thinner elec- 
trodes, larger amounts of active electrode area, lighter battery cases, etc. Pro- 
jected ranges can vary from around 150 miles at a steady speed of 30 mph to a 
range of 50 miles In a metropolitan driving cycle specified by the Society of 
Automotive Engineers. 

Cycle life is dependent upon depth of discharge, rate of charge and discharge, 
and mechanical and thermal effects due to overcharging. 

Question No. IS. In your opinion, what other batteries show promise of future 
use in electric vehicles, and on what time tables? What performance charac- 
teristics and costs will be associated with the use of these other batteries? 

Answer No. 12. Nickel-zinc batteries are anticipated to be developed In the time 
frame of five years. Zinc-chlorine batteries possibly could follow a couple of 
years later and the advanced high temperature lithium-sulfur and sodium-sulfur 
batteries are not anticipated to be completely developed much before 1986. 

The driving range with nickel-zinc batteries should be at least double the driv- 
ing range over lead-acid without range penalty during acceleration as would 
occur with lead-acid batteries. Zinc-chlorine batteries are expected to demonstrate 
a fourfold increase in range with excellent power performance. Costs are Specu- 
lative. Based on raw materials, they should not be significantly different than 
lead -acid. Packaging costs, however, may be higher, particularly for the advanced 
sulfur types. 

Question No. 13. What problems or constraints might arise In large scale manu- 
facture of electric cars with respect to production equipment and manpower 
skills? What problems might be anticipated by electric vehicle manufacturers in 
the areas of materials or capital availability? 

Answer No. 13. The most serious problem or constraint associated with a large 
scale manufacture of electric cars with respect to production equipment and 
maniiower skills is that essentially an entirely new industry will be required to 
produce the required number of batteries. For example, if the battery ultimately 
used In electric vehicles should turn out to be of the lithium-sulfur type, It would 
be necessary to increase the present lithium production Industry by about 1000 



)y Google 



percent in facilities and manpower. The chromium required for the stainless 
steel in each lithium-sulfur battery may present problems since 51 pounds of 
' stainless alee), are required for each 300 pound battery. The U.S. does not have 
chromium resources.' In addition, there would be employment skill shifts. Com- 
"plet^ly new manufacturing lines or suppliers would be required for electric mo- 
tors and for electrical control equipment and tooling. Manufacturers probably 
would go toward the most advanced light-weight structures to reduce thfc weight 
of the vehicle to compensate for the weight of the battery. Vehicle fabrication 
methods and methodology would have to change to provide for the new struc- 
tural methods and materials. 

If the lead-acid battery is chosen as the energy source, the need for structural 
redesign and use of lighter weight materials would be even more acute because 
a lead-acid battery would be about Ave times heavier than a lithium-sulfur bat- 
tery of equivalent energy content. In addition, the amount of lead required for 
several million cars annually might have a great impact on lead resources. 

The amount of capital equipment required to build and assemble small urban 
electric vehicles could approximate $125 million for the engine assembly line 
producing about 400,000 engines per year and approximately $90 million would 
be required to establish a vehicle assembly line. 

Question No. H. Please state your views on the current and future applica- 
bility of safety standards and regulations to electric and hybrid vehicles. 

Answer No. 14. In general, the Federal Motor Vehicle Safety Standards 
(FMVSS) should apply to all vehicles sold In this country. The application of 
some FMVSS's has been limited in some cases and exemptions have been granted 
In others. It would probably be an appropriate use of the exemption authority 
to facilitate the field testing and evaluation of electric vehicles. However, it is 
neither necessary nor desirable as a matter of public policy to follow this same 
approach with respect to electric vehicles sold to the public for personal or com- 
mercial use unassoclated with field testing and evaluation of such vehicles. If 
electric vehicles are to have any discernible impact on national energy use or on 
air pollution, they must be produced and sold in large quantities. If electric 
vehicles become a significant portion of the overall vehicle population, tbey must 
not be permitted to subject their users or the rest of the public to undue safety 
hazards. With respect to persons other than users, a special danger peculiar to 
electric vehicles may be posed in that the relatively silent operation of such 
vehicles may contribute to accidents as a result of drivers' and pedestrians' fail- 
ing to detect the presence of those vehicles. 

It needs to be recognized that electric vehicles will have their own special 
safety problems. One of the most obvious Is the possible problem of acid intru- 
sion into the passenger compartment or spillage onto the roadway as result of a 
crash. High temperature batteries will pose different safety problems. 

More than one-third of the annual highway deaths occur in urban areas and 
more than half of all highway deaths occur at speeds within the capability of 
existing electric vehicles. The concentration of these bills on urban vehicles does 
not, therefore, obviate the need for appropriate safety measures. 

Since the electric vehicle will be operating in an environment dominated for 
many years by substantially heavier vehicles, adequate protection of the safety 
of electric vehicle users cannot be ignored. Even If the vehicle population were 
suddenly to be converted to vehicles of not substantially greater weight than 
electric vehicles, it should be carefully noted that riders in two subcompact cars 
that collide with each other at a particular speed are less safe than riders in two 
intermediate size cars that collide with each other at the same speed. 

Question No. 15. What steps might the federal government take to facilitate 
introduction of demonstration electric and hybrid vehicles into state and local 
government fleets? 

Answer No. 15. There Is. of course, a wide range of Incentives potentially avail- 
able to the Federal Government with respect to actions It considers State or 
local governments should take. They Include financial penalties for failure to 
take action, financial rewards, demonstration programs, etc. The question Is what 
measures would be both appropriate and successful. An issue that immediately 
arises is whether State or local governments have vehicle applications that can 
be satisfied by electric or hybrid vehicles and how many such vehicles can be 
practically used. A minimum first requirement would be to obtain such 
Information. 

Question No. IB. What institutional impediments do you see to the widespread 
introduction of electric vehicles? 
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Answer No. 16. Assuming, for tbe moment, that an electric vehicle exists which 
could compete successfully with conventional vehicles if mass produced, then 
Home of the institutional problems which could delay widespread introduction 
of that electric vehicle are : 1) need for a retailing network, 2) need for service 
and maintenance network, 3) lack of tbe equivalent of gas stations where bat- 
teries could be replaced or recharged. In reality, electric vehicles have not been 
developed to the point where they are competitive and their development should 
include compliance with FMVSS's and adequate protection of the safety of driver, 
occupant*!, other drivers, and pedestrians from any unusual hazards associated 
with electric vehicles. 

U.S. Enemy Rf.rkakch and Devei-opment An ministration, 

Washington, D.C., October 10, 1975. 
Hon. Frank E. Mobs, 
Chairman, Subcommittee for Consumer*, Committee on Commerce, U.S. Senate 

Dear Senator Moss : Thank you for your September 19 inquiry concerning 
K. 1632 and H.R. 8800. I appreciate the opportunity to provide further Informa- 
tion to facilitate Senate action on this legislation. 

ERDA has recognized that the electric vehicle Is an important option to 
consider as we attempt to minimize the environmental impacts of motor vehicles 
and reduce dependence on foreign oil. This option is being carried forward along 
with other Important systems such as Stirling and Brayton cycle engines. Our 
high priority given to this area Is explicitly stated in ERDA's plan and program, 
Volumes I and II of ERDA-48. 

However, as expressed In my September 9 letter to Senator Magnuson (en- 
closed), it is my opinion that, In their present forms, H.R. 8800 and S. 1632 are 
Inflexible in key aspects of the demonstration requirements and, if enacted, 
might mandate a costly and premature program. As we gain more knowledge 
about electric vehicles through our on-going program, collect more views of 
others, and evaluate the impact of the Bills more closely, we continue to re- 
affirm this initial evaluation. It is a view shared by many within ERDA as 
evidenced by Dr. Kane's testimony of June 3 on H.R. 5470 and Mr. Heller's 
upcoming testimony on S. 1632 and H.R. 8800. ERDA strongly supports tbe 
development of tbe electric vehicle option. The need for demonstrations will 
ilei>end on the success of the research and development program and formula- 
tion of the demonstration programs should be left to ERDA. The nonnuclear 
Energy RD&D Act with the Energy Reorganization Act provides broad authori- 
ties to ERDA and, if we feel it is warranted, we will exercise this authority. 
Monies would be requested through normal appropriation channels. 

The Office of Management and Budget has advised that, from the standpoint 
of the Administration's program, there is no objection to tbe submission of 
this information to the Congress. 

Again, I would like to thank you for allowing us to comment on this legislation. 
If we can lie of further assistance, please let us know. 
Sincerely, 

Robert C Seamans, Jr., Administrator, 

Question No. 1. What changes or additions would you make to S. 1632 or H.R. 
8800? 

Answer No. 1. The Senate Bill, 1632, is virtually tbe same as the original 
House BUI 6470. That House BUI was significantly modified in becoming H.R. 
8800. We think that every modification made to H.R. 5470 is a step towards a 
more useful Bill. However, we judge that the demonstration, Sec. 7, as required 
In H.R. 8800 Is still too much too soon and we would further modify that section. 
The specific modifications we would make in this regard are discussed below In 
Questions 3, 4, and S. 

Question No. 2. What specific benefits do you see arising from such a demon- 
stration program? 

Answer No. 2. Assuming proper scheduling, as delineated In questions 3, 4, 
and 5, and flexibility In numbers of vehicles to be demonstrated, such a program 
might have four major benefits. First, a usable data base could be formed. Second, 
public awareness of the capabilities and the limitations of the electric vehicle 
option could lie Increased. Third, much private activity. Including Increased 
R&D investment and cost sharing could be stimulated. This could accelerate tbe 
availability of the electric vehicle. Fourth, the demonstrations could identify 
tutlonal and other harriers to the use of electric vehicles. 
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Further, ERDA would seek to shorten the implementation and completion times 
of toe EV evaluation program as delineated in the Bill. 

Question No. 6. What, in your opinion, will be the state-of-the-art in electric 
and hybrid vehicles within 42 months of enactment of H.R. 8800, assuming enact- 
ment during 1975? What government policies would contribute most to com- 
mercialization of electric and hybrid vehicles? 

Answer No. 6. Accurate estimating of technology improvements in these areas 
is quite difficult. If the ongoing battery /component development work is suc- 
cessful, we expect improved lead-acid batteries, higher efficiency components 
and electric vehicle systems with a better match of components to the system 
within 3% years. The most Important achievement would be life cycle coat redac- 
tion due to Increased lead-acid battery lifetimes. Within the same period bat- 
teries such as nickel/zinc, Iron/nickel, and possibly iron/air might be available 
for vehicle demonstration purposes. These batteries should provide about a 100% 
increase In operating range over the lead-acid battery. 

Question No. 7. In addition to battery research, where should a federal R&D 
program on electric and hybrid vehicles focus its efforts? Bow much funding 
should be provided for battery research and these other efforts during the next 
five years? 

Answer No. 7. The battery is the primary component on which to focus R&D 
efforts. It is generally agreed that strong Federal support is needed. However, 
Improvements in any single component of the vehicle, such as the battery, can- 
not alone assure the development of a successful vehicle. The overall vehicle 
design Is critical ; other components are discrete entities and important in per- 
formance, i.e., maximum efficiency is set by the combined effect of all components ; 
needs of users, manufacturing methods, materials requirements and impacts 
must be taken into account. The electric vehicle should he treated as a total 
system. Significant gains can be made in range and performance with existing 
batteries through vehicle designs and optimization of the electrical and mechan- 
ical subsystems for electric propulsion use. 

A comprehensive R&D program would provide for battery development, me- 
chanical and structural systems, electrical components and controls, recharging 
systems, auxiliary systems, thermal storage, heat engine and mechanical sys- 
tems for hybrids, vehicle design studies, functional and economic analyses, 
technology implementation studies, and impact assessments. In the early phases 
the program focus should be on both all electrics and hybrids with a gradual 
shift to all electric systems in the latter phases. In the all electric area the pro- 
gram should specifically focus on: (a) Improved vehicle designs with lighter 
weight high strength construction materials ; (b) improvements In drive motors 
to increase part load efficiency and decrease weight ; (c) better motor/control 
combinations to Improve performance, life, and reliability; and (d) improved 
accessories and accessory drive methods to minimise energy drain on the main 

Such a comprehensive program, Including battery research, is estimated to 
require about $160 million over the next five years. Of course, any 'Federal 
funding would also be contingent on overall budget considerations in reviewing 
national priorities. The focus of Federal R&D efforts beyond the battery would 
depend upon private undertakings which might be increased significantly in 
response to stimulus by strong Federal interest. Cost sharing on the R&D and 
in any demonstrations should be strongly encouraged. 

Question No. 8. Are there other vehicle technologies that offer comparable 
reduction in petroleum consumption and reduction of environmental Impact to 
that of electric and hybrid vehicles? If so, Is the special emphasis given to elec- 
tric and hybrid vehicles In S. 1632- and H.R. 8800 justified? Please explain. 

Answer No. 8. Centralization of energy production can have negative as well 
ns positive effects on the enviroment. The extent depends upon the distribution 
of fuel source, i.e., nuclear, coal, petroleum, etc. for locations where tbe EVs 
would be in use. A recent ERDA study examining the effects on urban pollu- 
tion of introducing EV's in large quantities showed significant decreases in carbon 
monoxide, hydrocarbons, nitrogen oxide, and particulate emissions and a sig- 
nificant increase in sulfur oxide emissions. Also, it should be easier to control 
emission from electric powerplants with slow operating transients than from 
the individual sources operating on a transient basis with relatively poor main- 
tenance. An assessment has not been made on a national scale of the relative 
Impact of electric vehicles compared to the ICE with current emissions control 
technology applied. 
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Answer No. ID. Provieum* for service, maintenance., spare parts, and KT re- 
charging would have to be developed to support the ET program of H.R. 8900, 
At the pgWBM time servicing operation* for ETs exist only locally at tbe few 
dealer oattets vnse fTrippnf EX's are wild Similar sen-ice centers would have 
to be — ffclisfa ej at each location where the FJY - are to be *»W. lc»sed. or 
otherwise provided If parTiapatinf agencies, companies, or individuals in- 
volved in the proposed ET deniansrratioii program. This problem is farther 
magnified if there itjt to be requirements to demonstrate KV's at numerous 
peograptoical area* in the country. Since current EVs iwith lead-acid batteries I 
are limited to lorn charging rates < Jong charging times > and hare shiirt ranges, 
the service center* would hare to he located in doae proximity tn EV usige. or 
mobile recharging or battery switching facilities must he provided. Improve- 
ments in energy and power densities of batteries would provide longer range 
and perhaps quicker charging to ease the extent of the problems. 

Quettifm Xo. II. What are the performance characteristics of enrrent tech- 
aoioKj eJeriric rehicitt? What improvements in lead-acid battery technology 
do yon foresee in the next 5 and 10 year periods? What are the implications of 
these improvement* for tbe performance characteristics and purchase and 
life eyrie costs of electric vehicles? 

Answer' No. 11. 3*e performance of current technology electric varies widely. 
Many enrrent systems are constructed by converting existing auto bodies and 
chassis and these generally have a range between 25 to S5 miles and a top speed 
about 50 mph. Range can be reduced in practice by factors such as age of 
batteries, route profile including grades, maintenance level of batteries, state 
of charge, road conditions including rain. snow, concrete, gravel, etc., ambient 
conditions including wind and temperature, accessory requirements, number of 
occupants, driver habits and traffic conditions. 

Another performance parameter is vehicle acceleration. Currently available 
vehicles provide very slow acceleration, usually 15 seconds or more to accelerate 
from to 30 mph. 

The performance characteristics of current electric vehicles are Untitled primar- 
ily by tbe battery capability which limits the driving range, xpeeil, acceleration. 
and the required long charge time. The battery type used In most current electric 
vehicles is the lead add golf-cart type. Cycle life of these batterten typically Is 
abont 300 cycles. 

Some prototype vehicles have been designed from the ground-up with emphaftt* 
on light-weight construction. These vehicles with high battery weight have 
greater range capability, higher maximum speed and better ncretrratlon. Al 
present this Is being achieved with the added penalty of higher Initial ntiit life 
cycle costs because of the larger number of batteries used. These vehicles nlsn 
require special safety considerations. Lead-acid batteries for electric nutoa 
could be improved in two steps. With a strong development effort, we ltelteve 
that a state-of-the-art lead-add Imttcry spocinlly designed for electric niihi 
application could be available in altout 3 years. This new buttery would lie 
designed to reduce some of the problems with current off- the -shelf hnllprlrs; I.e. 
it would have a 33% Increase In cycle life, a 27% Improvement in apwlile energy 
and a fourfold increase in specific power. The projected Improvement* In lcnd- 
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acid batter; technology In the next 5 and 10 year periods are shown in the 
attached Table 1. The major implication of these improvements is the extension 
of tbe driving range for the Name batter; weight, and some improvement in accel- 
eration capability. The purchase cost and the life cycle coat are yet to be deter- 
mined subject to the battery development. Realistic goals for this type battery 
are shown In Table 1. 

TABLE l.-DEVELOPMENT GOALS FOR LEAD-ACID BATTERIES' 



><M> 
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Si*.* Pnni. * . , 
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Now: Dtivini lange anil mtumum spaed based on a 20 to IS kWh binary ptopollinj a 2500 lb compact mticti. 

Question No. It. In your opinion, what other batteries show promise of future 
use In electric vehicles, and on what time tables? What performance charac- 
teristics and costs will be associated with the use of these other batteries? 

Answer No. 12. Other batteries which show promise of future use in electric 
vehicles can be divided Into Intermediate and advanced types. Intermediate type 
batteries include nickel/zinc, nickel/iron, or metal/air batteries. These battery 
technologies could be ready in five years and provide a practical driving range 
of 100 miles. Advanced batteries showing promise, such as lithium /sulfur, so- 
dium/sulfur, and zinc/chlorine, could be ready In eight to ten years. Performance 
characteristics of successfully developed batteries of these types should permit 
practical ranges of ISO to 200 miles. The developers of these batteries project life 
cycle costs competitive with those of conventionally powered vehicles. 

Question No. IS. What problems or constraints might arise in large scale 
manufacture of electric cars witli respect to production equipment and man- 
power skills? What problems might be anticipated by electric vehicle manufac- 
turers in the areas of materials or capital availability? 

Answer No. 13. Current and projected concepts for electric vehicles do not 
appear to Impose significant production equipment design or manpower skill 
problems. 

Except for battery materials, tbe large scale E.V. use requirement for copper, 
steel, plastics, and other common materials are modest in comparison to overall 
U.S. demand. Battery materials, however, represent a significant problem area 
and potential constraint on the number of E.V.'s that can be expected to be 
manufactured until advanced batteries (alkali metal) are available. Large-scale 
introduction of E.V.'s using batteries made of lead or nickel could create short- 
ages of these prime materials and associated alloys and further Increase reliance 
upon Imported materials. 

Question No. 14. Please state your views on the current and future applica- 
bility of safety standards and regulations to electric and hybrid vehicles. 

Answer No. 14. ERDA, of course, defers to the Department of Transportation 
for tbe answer to this question since the National Traffic and Motor Vehicle 
Safety Act entrusts DOT with Federal authority to regulate new vehicle safety. 
Safety standards and regulations commensurate with the use of these vehicles 
must be applied. 

QuetUtm No. 15. What steps might the federal government take to facilitate 
introduction of demonstration electric and hybrid vehicles Into state and local 
government Beets? 

Answer No. IS. II. R. 8800 would require the Administrator to arrange to In- 
troduce EV's into fleets of state and local governments and federal agencies, 
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nology. It Is very Important to have a comprehensive assessment of electric ve- 
hicle technology. 

Although we feel that demonstrating state-of-the-art electric vehicles Is Im- 
portant, It appears that some of the latitude of developing a sound demonstra- 
tion program has lieen, denied the Energy Research and Development Adminis- 
tration (ERDA) by specifying the minimum number of electric vehicles which 
must be made under purchases numbered 2 and 3. 

It is very difficult to estimate the length of time required by the procure- 
ments and demonstration required for the first two phases of the program. The 
complexity of the Government procurement process and the exact nature of the 
testing and demonstration process make the current time allowance appear to 
be the minimum that would be required for a comprehensive program. We feel 
that if such a program is enacted, at least 24 months should be allowed for the 
purchase and evaluation of the baseline electric vehicle fleet. 

Question No. S. Within 42 mouths of enactment of H.R. 8800, we feel that 
chassis for electric vehicles can be optimized. The lead-add battery will be the 
only battery system available which will have sufficient energy Storage capacity 
and lifetime without prohibitive costs. 

Question No. If. There are some safety standards which would not be applica- 
ble to an electric vehicle (for example, the safety standard which mandates the 
gasoline tank Integrity in rear end collissions). We feel that all of the applicable 
safety standards for vehicles operating on public streets should apply to electric 
and hybrid vehicles operating in the same environment. 

Question No. 16. We do not believe that there are any serious institutional 
barriers to the widespread introduction of electric vehicles. The most serious Im- 
pediments to the introduction of electric vehicles will be the actual performance 
of the electric vehicles and their operating costs. If an electric powered vehicle 
can be developed which will be safe to operate, have adequate performance, and 
be economically competitive with current Internal combustion engine automo- 
biles, there will be no serious barriers to their widespread use. 

Thank you for the opportunity to comment on this legislation. 

Frank G. Zabb, Administrator. 

U.S. Senate, 
Committee on Commerce, 

Washington, D.C. 

Dear : As you may know, the House of Representatives recently passed 

legislation concerning research, development and demonstration of electric ve- 
hicles. This bill, H.R. 8800, has now been referred to the Senate Committee on 
Commerce which Is also considering S. 1632, the Electric Vehicle Research, 
Development, and Demonstration Act of 1975. I sponsored S. 1682 along with 
Senator Humphrey in May of this year. 

The Senate Commerce Committee fully recognizes that the electric vehicle 
Is an Important option to consider as we attempt to minimize the environmental 
Impacts of motor vehicles and reduce dependence on foreign oil. In order to 
facilitate Congressional action on this critical issue, Commerce Committee hear- 
ings on S. 1632 and H.R. 8800, which I will chair, have been scheduled for Octo- 
ber 7 and October 10. To further facilitate Senate action on this legislation, I am 
also writing to you and other individuals and organizations knowledgeable on 
electric vehicles and related matters in order to obtain important background 
Information for the record. 

Attached you will find copies of S. 1692 and H.R. 8800, as well as a set of 
specific questions on this legislation. These questions encompass a range of issues 
which are likely to arise in consideration of these bills. Because of your interest 
and ex[>ertlse in these matters, the Committee is very interested In having the 
benefit of your views. It is recognized that you may be more familiar with certain 
aspects of these issues than with others. Therefore, please feel free to answer 
nny or all of the questions. 

It will be appreciated If you could supply your answers to the Commerce 
Committee by October 2. Please address your response to me care of the Com- 
merce Committee, Attention : Electric Car. Should you require any further In- 
formation, please contact Dan Ja(re or Allan Hoffman of the Commerce Com- 
mittee staff at (202) 224-9351. 
Sincerely yours, 

Frank E. Moss, 
Chairman, 
Subcommittee for Conmmert. 
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Overturn Xm. 1. What changes or additions would you make to &. 101 «r BJL 
8800? 

H-H- 8800 would estibliKh the foDowrag time taWe for implrammlMxi of Ibe 
electric vehicle <h nnmif minii program : 

(*) Purcfcw Vo. / Within iof rear of enactment contracts would be enhnred 
into for the purchase of * reasonable number of electric reticles for evaluation 



(b) Imitiml perfomtmssot tfm4*rtt Within one rear oi 
would develop initial performance standards and criteria for ,___ 

(e) Pare***? .V*. t: Within 15 mouths of enactment extracts mold he en- 
tered into for the purchase of at least 2,500 electric vehicles meeting the criteria 
developed in <b). 

<*"> Operation and eralutian of vehicles obtained under purchase number 1 

(C) Rcrised p u fm mm mv rf— iar<a/aarp|>a«a Xo. 3: Within 42 months after 
enactment ERDA would develop revised standards and criteria, and purchase 
, r ,™ ( eiectlit . or hybrid vehicles exhibiting advanced perforantnee 



(/) Operation an emotion of vehicles obtained under purchase number 1 

Question Xo. £. What specific beaeftts do yon see arising from such a demon- 
st ration program? 

Question Xo. S. Some electric vehicle proponents raise the concern that "pre- 
mature" demonstration might lead to a negative public perception of elec tri c 
vehicle potential doe to alleged limited cost and performance characteristics of 
existing electric vehicles. Do you agree or disagree that this danger exists? 
If yon agree, how might the demonstration program be restuctured to avoid 
this problem? If you disagree, please indicate why. 

Question Xo. f. Is one year a sufficient time in which to purchase and evaluate 
a baseline electric vehicle Beet of 200 to 300 vehicles, and develop performance 
criteria for purchase number 2? If not, what time frames would yon suggest? 

Question No. S. Are the time schedules for purchases number 2 and 3 appro- 
priate? Please explain. 

Question Xo. 6. What, in your opinion, will be the state-of-the-art In electric 
and hybrid vehicles within 42 mouths of enactment of H.R. 8800, assuming 
enactment during 1975? What government policies would contribute most to 
commercialisation of electric and hybrid vehicles? 

Question Xo. 7. In addition to battery research, where should a federal R&D 
program on electric and hybrid vehicles focus its efforts? Bow much funding 
should be provided for battery research and these other efforts during the next 
5 years? 

Question Xo. 8. Are there other vehicle technologies that offer comparable re- 
duction In petroleum consumption and reduction of environmental impact to that 
of electric and hybrid vehicles? If so, is the special emphasis given to electric 
and hybrid vehicles in S. 1632 and H.R. 8800 justified? Please explain. 

Question Xo. 9. How can an adequate manufacturing base and adequate com- 
petition be assured Id electric vehicle production? Do S. 1632 and H.R. 8800 ade- 
quately address these Deeds? What changes or new provisions might be useful in 
this regard, if any ? 

Question Xo. 10. What infrastructure (for example, public or private recharg- 
ing stations, maintenance and service facilities, etc.) must be developed to sup- 
port the demonstration program called for in S. 1632 and H.R. 8800? What 
problems might be anticipated in establishing such an Infrastructure? 

Question Xo. 11. What are the performance characteristics of current tech- 
nology electric vehicles? What Improvements In lead-add battery technology do 
you foresee in the next 5 and 10 year periods? What are the implications of these 
improvements for the performance characteristics and purchase and life cycle 
costs of electric vehicles? 

Question Xo. It. In your opinion, what other batteries show promise of future 
use in electric vehicles and on what time tables? What perforance characteristics 
and costs will be associated with the use of these other batteries? 

Question Xo. IS. What problems or constraints might arise In large scale manu- 
facture of electric cars with respect to production equipment and manpower 
skills? What problems might be anticipated by electric vehicle manufacturers in 
the areas of materials or capital availability? 

Question No. H- Please state your views on the current and future applica- 
bility of safety standards and regulations to electric and hybrid vehicles. 

Question Xo. 15. What steps might the federal government take to facilitate 
introduction of demonstration electric and hybrid vehicles Into state and local 
government fleets? 
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[The above letter and questions were sent the the following :] 

Mechanical Technology Inc., 
Latham, N.Y., September 29, 1975. 
Hon. Frank E. Moss, 
U.S. Senate, 
Washington, B.C. 

Deab Senator Moss : You and the other sponsors of Bill S. 1632 on electrical 
vehicles should be complimented and encouraged to see that a bill in this very 
important area of R&D Is passed. I am attaching my remarks In answer to your 
committee's questions and also a copy of a letter to Dr. T. Moss which is applica- 
ble here, although It was prepared for the earlier versions of Bill H.R. 8800. 

I am still very much concerned with the short time and low funding level In 
both of these bills. (My recommendations on this point are presented in the at- 
tached letter and modifications to this bill are in order.) I recognize the urgency 
of a viable electrical vehicle research and development program to insure a 
healthy national economy. I am afraid, however, that the proposed bill, which I 
am sure has good intentions, could produce negative results. Therefore, while 
I fully endorse electrical vehicle demonstration, I urge that a more realistic 
time table and funding level be considered. Secondly, It is very Important that 
critical R&D In components and subsystems are not sacrificed at the expense 
of early demonstrations. A balanced program is, therefore, recommended with 
proper division and allocation of funds between R&D and demonstration. I 
consider this program of greater national importance than the space race re- 
sulting from Sputnik. Therefore, the program should receive strong endorsement 
from the President and Congressional leaders. 

It is very important that this program receive high priority and management 
support In ERDA. {The Transportation Directorate within Conservation is a 
logical focal point for this program.) The various Industries, governmental lab- 
oratories, universities, institutes, and individual should be encourage and moti- 
vated to attack the barrier problems. We cannot afford to rely solely upon the 
automotive industry to solve our transportation dilemma and economic crisis. 
Every effort should be exercised by ERDA to bring to bear all qualified resources 
to generate a viable U.S. electrical vehicle transportation Industry that serves 
our country and exports electrical vehicles to foreign markets. 

I sincerely hope that the bill, with the modifications to time, funding level and 
R&D funding allocation, will be passed soon so that we can embark on a vigorous 
program. I wish you and your co-sponsors every success In the passage of this 
very important bill. 
Respectfully, 

Bbno Stebmlicht, Technical Director. 

Enclosures. 

Answer No. 1 : 

(a) Extend the demonstration period. (Refer to my letter of June 3, 1975, to 
Dr. Thomas Moss.) 

(6) Increase the funding level. 

(c) Demonstrate electric and/or hybrid vehicles. 

(d) Earmark a certain percentage (not less than 30%) of the early funding 
level to R&D in critical component and subsystems. 

(e| R&D In Energy Conversion must not be overlooked. Therefore, it should 
be identified in similar manner as Energy Storage (battery) is. 

(/) The studies requested from the ERDA and DOT administrators are sched- 
uled much too early. The danger, therefore, exists that they will not be tech- 
nical It sound. 

(g) The purchase number 2 in H.R. 8800 Is much too early. This will have the 
effect of verv little difference between purchase no. 1 and no. 2. Purchase No. 3 
Is alsi scheduled too early. I fully recognize the urgency of this demonstration. 
It Is unfortunate that it has taken us so long to recognize the need for this 
very Important bill, but we should not try to accelerate the program to a point 
which will hinder its success. I feel that the timing in S. 1632 is much too short 
and while H.R. 8800 is somewhat longer, it is still not adequate. The level of 
funding is also too low to insure successful results in this critical area of our 
national economy. 
Answer No. 2 : 
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(a) The bill will act as a catalyst and will encourage existing and new 
industry, governmental labs, Institutes, universities and individuals to contribute 
to this very important national challenge. 

(6) New ideas and solutions to critical problems will emerge. 

(c) We will be able to assess the status of electrical and hybrid vehicles in 
the U.S.A. and other parts of the world. We should be in a good position to 
insure our leadership in the automotive industry and catch up In the international 
race for electrical vehicle transportation. (This program with proper national 
support and emphasis could be compared to the U.S. space race. Economically, 
it Is of much greater importance. ) 

Answer No. 3. I fully agree. It should lie given more time; more R&D effort 
should be funded to insure viable demonstration. Multiplicity of sources should 
be funded. Each problem area (storage, energy conversion, vehicle integration, 
etc.) should be investigated by several competitive groups. Program management 
will be very important. It is essential that we become fully aware of our foreign 
competition in this field. 

Answer No. 4. Minimum of two (2) years will be required. Several vehicle 
weights, vehicle types, missions, driving cycles, manufacturers, etc. must be 
thoroughly evaluated in order to establish a baseline for comparison and pro- 
gram guidance. 

Answer No. 5. Purchase Xo. 2 will not benefit at all from Purchase No. 1 be- 
cause It follows too early. Purchase So. 3 is also too early to Incorporate the 
required R&D advances. 

Answer No. 6. The demonstration as scheduled In the bill will prove that elec- 
trical vehicles are feasible. We know this today. The electrical vehicles will 
have poor efficiency, require considerable maintenance and have a very high life 
cycle cost. We should, therefore, Initiate a high level of R&D effort. Provide fi- 
nancial Incentives to electrical vehicle users. Appreciably increase taxes on 
petroleum; allocate part of the taxes to R&D effort on high efficiency vehicles 
and transportation powerplants that can operate on other fuels than petroleum. 

Answer No. 7. The R&D effort must also Include (besides energy storage In the 
form of battery research) : 

1. Energy conversion which includes transmissions, motors and controls. 

2. Thermal and electrical engine developments to Insure efficient and low cost 
hybrid propulsion systems. The thermal engine could also be used as a battery 
charger. 

3. Vehicle — engine integration. 

The R&D funding level should be at least 15% of the total demonstration pro- 
gram. The demonstration program should concentrate first on both hybrid and 
electrical vehicles and should transition In time to electrical vehicles, providing 
the technological barrier problems are solved. 

Answer No. 8. The electrical vehicle has the unique feature of not reqnlring 
petroleum at all providing adequate nuclear, coal or solar energy Is available for 
battery charging. It, therefore, offers unique opportunity for reduction in pe- 
troleum consumption and reduction of environmental Impact. 

Answer No. 9. H.R. 8600 provides assistance to manufacturers in the early 
stages when the amount of capital required is very small. The funding level should 
be considerably higher to insure program viability. It is also very important that 
a large number of manufacturers be financially encouraged. Some of these will 
with time undoubtedly disappear but industrial revolution and industrialization 
has shown that the strong will survive. There are many well known examples 
of governmental programs acting as catalysts, e.g., DOD and NASA support of 
the aircraft industry, ERDA support of nuclear and fossile fuel industry, etc. 

Answer No. 11. Relatively poor performance from the standpoint of energy 
usage and reliability. 

Answer No. 13. Refer to the attached letter of June 3 which discusses 
materials. „ 

Answer No. 14. There is no reason to believe that the electric or hybrid vehicles 
will not be able to meet safety standards. This area, however, does require R&D 
effort In both energy storage (batteries) and energy conversion (transmissions/ 
motors/controls). Both the House and the Senate Bills unfortunately ignore, by 
omission, the area of energy conversion which is of considerable importance to 
the success of the electrical vehicle. It should, therefore, be mentioned in order 
to emphasis the need. 
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Mechanical Tbchkolooy lire, 

Latham, N.Y., Jttne S, 197S. 
Dr. Thomas Mobs 
Technical Consultant to Mr. Broum, 
U.S. House of Iteprcxentalivet, 
Washington, D.C. 

Deab 1)h. Mobs : Per your request, I am submitting a written statement on 
H.R- CltlS. 

The sponsors of Bill H.R. 6108 (originally H.R. 5470) on electric vehicles 
should be complimented for initialing the above bill. We all recognize that the 
health of our national economy is largely dependent on the automotive Industry. 
Some of us have recognized the potential of the electric vehicle from a favorable 
balance of trade, conservation of liquid fuel, improved overall efficiency, greatly 
reduced emissions and noise, etc. 

For some time I have been a strong advocate of the hybrid (heat engine/elec- 
tric) and all electric vehicles as a highly viable system that can fulfill many of 
our required transportation missions (urban travel, etc.) and therefore, can 
represent a large share of future automobile markets. 

I have expressed by views first, in a Product Engineering article published 
in February, 1974, expanded in an ASME paper #74-DGP-16, and later pub- 
lished In Mechanical Engineering In November, 1974. (This paper has received 
ASME honors in 1975). Excerpts from these articles are attached. 

It is important to point out that the automotive industry has been tinder se- 
vere social, regulatory and economic pressure over the last decade. (See Fig. 1). 
Ail of these Issues are additive and have put the automotive Industry in a pre- 
carious postion. The next likely issue will be natural resources ; this will be 
especially true if wrong material are selected for electric vehicles. (See Figs. 2 
and 3, and Table 1). 

Most of today's batteries use lead and some of the advanced batteries use 
nickel. Both of these materials are in limited world supply and very little Is 
found In the U.S. Already the automotive industry consumes very large percent- 
ages of these materials. Therefore, these materials are not viable for batteries 
In electric vehicles. 

Batteries using sine are also under development. While reserves for zinc are 
also limited In world supply, large quantities of zinc can be extracted ont of 
sea water. Cost and electrical power availability are the only Issues. These 
observations are cited only to point out a balanced well conceived program in 
electric vehicles Is necessary in order to make the electric vehicle a viable busi- 
ness and mode of transportation. Just a wrong material choice for batteries can 
make the program worthless. 

I have been seriously concerned with the lack of RAD effort in our country 
in this field and in fact have warned the automobile industry that their business 
is threatened by electric vehicles manufactured by their competitors In Japan. 
We recognize the seriousness of the Japanese competition in mass produced 
products. They have recognized the potential of the electric vehicle and have 
for some time conentrated their RAD effort on this subject. The bill, therefore, 
provides Incentive and acts as a catalyst in our country, for which it is to be 
commenced. 

I have, however, a very serious concern with one part of the proposed legisla- 
tion. It centers on demonstration. 

Demonstrations can have both positive and negative effects. A poor demon- 
stration can have a major setback to a highly worthwhile endeavor. We all can 
cite many such examples. I feel that the proposed demonstration will have this 

My concern is based on personal knowledge of the present state of this tech- 
nology, which Is very limited and on the three years proposed which are much too 
short. The demonstration, therefore, will have to use poor components, which 
will undoubtedly result in poor overall performance and public acceptance. In 
addition, the RAD effort, which is very badly needed, will have to take second 
place to the demonstration program and this Is also very dangerous. Demonstra- 
tion overruns, resulting from problems, cost escalation, etc. will diminish the 
RAD effort. While I recognize the urgency and the value of demonstrations, we 
cannot easily make up for the lost time. It takes approximately nine months 
between conception and delivery ; complex electromechanical systems, take an 
order of magnitude longer. Let's prevent abortion and also premature delivery 
which carries with It many unnecessary risks. The stakes are too high to take 
proposed demonstration shortcut. 
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It Is also very important that we extend our options to include hybrid systems. 
These systems offer considerable potential and provide us with more time for the 
transition from the heat engine to the all electric propulsion. It provides the 
following modes of operation : 

Heat engine propulsion for rural travel. 
Electric propulsion for urban travel. 
Heat engine and electric for acceleration. 
Electric for renegeratlve breaking. 
In addition. It provides an excellent means for recharging of the battery, both 
during driving cycle and also where recharging facilities are not available. 

With time, as batteries improve, the heat engine will require less power and in 
the limit. It will become zero and be eliminated. The progress in the battery field 
will dictate this transition. 

I would, therefore, like to recommend that the bill be modified to greatly 
Increase the chance of our success. This can be accomplished by extending the 
period of the demonstrations and insure a vigorous national R&D effort. 

The act should call for appropriations not to exceed {750,000,000 over a period 
of ten years. The first four years should be devoted to R&D in three critical 
component areas ; batteries, transmissions and controls, and to hybrid and electric 
vehicle designs and integration. The next three years should be devoted to the 
demonstration of the hybrid and electric vehicles and continued R&D effort 
towards second generation of electric vehicles. At the beginning of the seventh 
year, the second demonstration should be Initiated. In this case, the primary focus 
should be on the all electric vehicle. 
To achieve this, the following funds should be appropriated : 
$30,000,000 for fiscal year 1976. 

$40,000,000 for each of the three years : 1977, 1978 and 1979. 
(100,000,000 for each of the six years : 1080, 1981, 1982, 1983, 1984 and 
1986. 
Any amount appropriated shall remain available until expended, and any 
amount authorised for a given year, but not appropriated, may be appropriated 
for the next fiscal year. 

The Highway Vehicle Directorate of ERDA's organization Is already set up to 
manage this program. They lack, however, the necessary funds and some ad- 
ditional staff to conduct a vigorous R&D program. 

These modifications to the Mil will greatly Increase our chances of success. 
The bill will be responsive to our national need. It will act as a catalyst for a new 
automobile industry and to some extent spurt our lagging national economy. 
Sincerely, 

Beito Steem light, Technical Director. 

(Excerpt from Article In Mechanical Englneeringl 

Industry has selected today. In fact, two of these options are being worked on by 
small R&D companies. 

It is somewhat disturbing to note that practically every new engine has been 
conceived abroad. It was the Japanese Honda that sparked new U.S. interest 
in the stratifled-charge engine. Today, Japan, because of its Integrated, govern- 
mentally supported R&D effort, is also way ahead of the U.S. in the development 
of the electrical vehicle, which could be the futnre competitor to our automotive 
industry. 

It should be recognized that the time for new engine penetration is very long. 
Figs. 8 and 9 show the history for commercialization [3]. The automatic trans- 
mission took 20 years, air-conditioning 17 years, and the disk brakes seven years 
from successful introduction to a 60 percent market penetration ("SO percent 
market penetration" corresponds to about 10 pecent of total cars on the road 
using the system.) The 50 percent penetration with the overhead valve engine 
took about six years. 

In a recent EPA meeting, Ralph Cross, president of Cross Company, indicated 
that a changeover to a completely new engine would take 12.3 years based on 
present capacity of the transfer (automated manufacturing) machine Industry. 
Another study [4] Indicates that it would take about ten years (six years for 
preproductlon and four years to full production). Thus, if technology readiness 
for the new engine system will only be available by 1980 and it takes about ten 
years for full production, the Impact of the new power plants cannot occur until 
the early 1990s. With additional motivation and incentives, this period could pos- 
sibly be shortened so that Impact could be seen by the late 1980s. 
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Figure 8. — Commercialization history— 




Fioube 9. — Commercialization history — modern OHV engines 

SUHMAEY AM) CONCLUSIONS 

With the aid of some crystal ball gazing, the range of expected market pene- 
tration is shown in Fig. 10. In the sear term, the stratlfled-charged engine looks 
potentially attractive, offering required low emissions without sacrifice in fuel 
economy. It does not add costly hang-on controls of questionable reliability, and 
It represents a relatively minor tooling change. 

The catalytic converter will probably bave a short history. Not only will it 
greatly Increase cost and use materials that have to be imported, but also it is 
expected that Its regular inspection and maintenance will bring Its demise. 

On a long-term basis, there are five candidates. It Is expected that one of these 
will be the electric vehicle that will probably start making an impact in the late 
1990s. The electrical vehicle may have Its best application possibilities for urban 
travel, where tbe distances are relatively short and speeds are low. One can 
envision parking meters that also perform the recharging function. Hybrid 
(engine/electric) systems are also good candidates. 

The other will be an engine probably with external combustion. The Stirling 
lne is tbe most likely candidate, although the diesel or the Warren engine show 
Iderable promise at this time. It is too early to predict which of these has the 
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Floras 10. — Bange of expected market penetration 

The author does not believe that the Wankel, Ranklne, or tbe gas turbine are 
likely to become automotive power plants with impact by the year 2000. 

It is expected that the reciprocating piston engine will remain dominant at the 
turn of the century. However, it will probably change from internal to external 
combustion and will use various energy recovery systems. 

Because of the many candidates and the various, often conflicting interactions, 
it Is essential that a timely and effective process for screening be established. All 
the socioeconomic factors must be considered if one hopes to develop two viable 
automotive propulsion systems that will have Impact by the year 2000. 

Automobile manufacturers will undoubtedly continue to approach change with 
caution and will follow conservative introduction and commercialisation strate- 
gies [3, 4, 13]. Tbe socioeconomic requirements will play a much greater rale in 
the selection of a power plant than they have ever played before. 
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THE CHANGING AUTOMOTIVE ISSUES 




IMPACT ON NATURAL BESOURCEB 

Several materials which are currently among those in short supply are used in 
significant quantity In the automobile. Unchecked use will result in depletion 
before the end of this century. Further, Hiesc imports also represent a significant 
portion of U.S. mineral imports. This could Impact directly on the balance of 
payments. 
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P0E1> MOTOB Co., 

Dearborn, Mick. 
Hon. iiixn E. Moss, 
{7.8. Senate, Committee on Commerce, Washington, B.C. 

I>ea« Sehatob Moss : This is in response to your letter of September 19 to 
Mr. L. A. lacoeca regarding Ford Motor Company's views on pending electric 
vehicle research, development and demonstration legislation. We appreciate the 
opportunity to comment. 

Attached yon will find the Ford Motor Company statement and response to your 
questionnaire. We have also included a copy of a report entitled, "Should We 
Have a New Engine" prepared by Jet Propulsion Laboratory, California Institute 
of Technology. We hope the Ford response and the JPI. report will be helpful to 
your Committee. 

Sincerely yours, 

Fked G. Skcbest, 
Executive Vice President — Operation* Staffs. 
Attachments. 



Ford supports the accelerated research and development of electric vehicles. 
Electric vehicle commercialization, however, is severely limited by available 
battery technology, and we believe that research should be concentrated primarily 
on high-energy battery systems. The proposed demonstration program, however, 
may be premature because the technology does not exist for successful widespread 
use of electric vehicles. Since the demonstration program risks negative public 
reaction and diverts available funds from basic battery research, It may con- 
tribute to delaying the introduction or electric vehicles. Ford suggests, therefore, 
that electric vehicle legislation emphasize basic research and that demonstration 
projects be deferred until the high energy batteries currently an research become 
available. Hybrid technology, on the other hand, may progress enough to justify 
a demonstration project sooner, perhaps in three years. 

Further, Ford considers Stirling and turbine engines as alternative technologies 
to electric and hybrid vehicles that offer at least equal potential for reducing 
air pollution and petroleum consumption. Consequently, they should receiT* at 
least as mucta funding as electric vehicle technology. 



Electric vehicle operating characteristics currently limit them to a. 
applications, such as low range urban cars, local delivery vehicles, buses and 
trains 4 as in some special applications in Germany and England ) , golf carts, lift 
trucks, etc. These limitations reflect the inadequacy of currently available 
batteries. 1 

The most widely used battery is the lead-add battery, which has tbe advantages 
of low initial cost and (In some designs) relatively high power. Its main limi- 
tations are the limited energy per unit weight, short cycle life, particularly in 
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high power configurations, and rapid deterioration in performance, both with age 
and with depth of discharge. Although progress has been made in various aspects 
of this battery, in general an improvement in one characteristic has been in- 
compatible with LmprOTements in other characteristics. For instance, although 
the Bell Telephone Laboratories hare developed lead-acid batteries with signi- 
ficantly improved life, these improvements may be applicable only to the rela- 
tively lower power, high cost batteries used in telephone stand-by power. Signif- 
icant improvements have been made in reducing the loss in performance with 
depth of discharge in the case of golf cart batteries, but these changes appear 
compatible only with batteries capable of too small a number of charge-discharge 
cycles (low cycle life). Similarly, batteries having very high power, at least 
when new and fully charged, have been demonstrated, but also in this case cycle 
life has been relatively short. The importance of the short cycle life is particu- 
larly serious in electric car applications, since the resulting need for frequent 
replacement negates any advantage accruing from the low initial cost. 

Among the other batteries currently available, the most attractive in terms of 
performance characteristics is the nickel-cadmium battery, which combines tbe 
capability of high power with long cycle life. Unfortunately the initial cost of this 
battery is very high, both because of the higb cost of the raw materials, particu- 
larly cadmium, and because of tbe very laborious manufacturing process required 
to impregnate the sintered plates which are needed to achieve simultaneously 
high power, long cycle life, and moderate energy density. In addition, the limited 
availability of cadmium precludes widespread application of this system. Other 
batteries currently in commercial production are totally impractical for electric 
cars, either because of excessive cost (as In the case of the silver-zinc battery), 
or of unsatisfactory performance (as in the case of the nickel-iron battery). 

A wide variety of experimental batteries have been under development for 
some time which have various attributes, for instance, the nickel -xlnc batteries 
and air-zinc batteries. All the evidence to date indicates that present technology 
cannot achieve truly long cycle life with these batteries. Moreover, the nickel- 
zinc batteries share tbe high manufacturing costs (although not the material 
costs) of the nickel-cadmium batteries, and the power capability of the air zinc 
batteries is limited. 

Although considerable attention has been given recently to the zinc-cblorine 
(or more accurately chlorine hydrate) battery, there appear to be intrinsic prob- 
lems, as far as passenger car applications are concerned, due to use of a com- 
ponent (chlorine hydrate) which is unstable at normal ambient temperatures. 

Therefore, Ford believes that the most promising batteries for electric vehicle 
application are tbe high temperature alkali metal batteries, such as the Ford 
sodium -sulfur battery, the Argonne lithium-metal sulfide batteries, and others. 
Since 1964 Ford has Invested a significant amount of its own research funds on 
the sodium-sulfur battery. Currently this battery appears so promising that re- 
search on It is progressing at numerous laboratories, both in the 1'nited States 
and abroad. For the past two years. Ford's funds have been supplemented by 
support from the National Science Foundation. In this program, Ford is working 
Jointly with two universities, tbe University of Utah and Rensselaer Polytechnic 
Institute, in order to solve the remaining research problems which center mainly 
on materials and manufacture bill ty. Recently Ford has completed an agree- 
ment with the Energy Research and Development Administration aimed at the 
development of two types of batteries, a large, high-energy battery for load 
leveling of electric generating stations, and a smaller battery, combining high 
energy with high power for electric vehicles. Present plans call for construction 
of the first prototype vehicle battery in 1980. The program calls for construction 
of a vehicle which is specifically designed to match the characteristics of this 
prototype sodium-sulfur battery. As part of this program, a subcontract will be 
let to the University of Utah. If all goes well, commercial production of such 
sodium-sulfur batteries could begin as early as 1985. It is Ford's understanding 
that prototype lithium-metal sulfide batteries could also be available around 
1980. 

Until the projected developments required for these batteries are successfully 
completed, any all-battery electric car would be subject to the limitations in- 
herent in the present lead-acid battery powered vehicles. Both the advantages 
and the limitations of these vehicles have been well established through exten- 
sive research and development programs (Including Ford's own Electric Vehicle 
Program, which resulted In the demonstration of two such vehicles) and through 
extensive commercial production. Therefore, Ford believes that little additional 
benefit would be derived by the demonstration program that Is provided In H.R, 
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8S00/S. 1032. Not only would such a demonstration nave no foreseeable tech 
nologieal benefit, but it might also discourage a more productive future demon- 
stration, such as may be appropriate approximately five years from now, when 
advanced systems such as sodium-sulfur and lithium-metal sulfide become avail- 
able. There is also the additional risk of negative public perception mentioned 
in Question No. 3 of Senator Moss's letter. 

Tile situation is somewhat different in the case of hybrid engine-electric ve- 
hicles, although, even in this case a demonstration of the type proposed in H.R, 
8800/3. 1632 would be premature. Hybrid engine-electric vehicles combine the 
advantage of battery power with the flexibility in range of gasoline engines. Of 
greatest interest is the recent indication, which Ford has obtained both by 
system analysis and by limited engine dynamometer testing, that such hybrids, 
when properly configured may provide a significant improvement in fuel economy, 
while meeting an intermediate level of emission control. Ford has undertaken 
a program to demonstrate more conclusively this potential gain in fuel economy 
and to solve any problems which may be found with such hybrid systems. Even 
the application of this configuration may be limited, however, The initial promis- 
ing results were obtained with nickel-cadmium batteries which, as mentioned 
above, are rather expensive. Although adequate power could be achieved with 
properly designed lead-acid batteries, the need for frequent replacement of these 
batteries may make them as unattractive economically as the nickel-cadmlnm 
batteries. Moreover, some questions remain as to the ability of the lead-acid 
batteries to deliver adequate power when aged. 

Ford believes that hybrid engine electric- vehicles show significant promise 
and therefore believes tbat the system justifies a vigorous research and develop- 
ment effort. However, us indicated above, a demonstration involving the manu- 
facture of large numbers of such vehicles would be premature. 

If a demonstration program is conducted, the timing between purchase phases 
appears to be very tight. Ford suggests that more time he allowed between the 
purchases to permit problem identification, redesign to correct problems, and 
implementation of these changes Into production. Ford is also concerned that 
the demonstration program on such a large scale is, in reality, a commercial 
project which should l>e left to the private sector and not conducted by 
government. 

Other potential promising areas for research and development include fly- 
wheel energy storage systems, low cost motors and controllers, regenerative 
braking, safety features, particularly for electric vehicles, and more efficient 
accessories including heaters, defrosters, and air conditioning systems for elec- 
tric vehicles. 

Except for specialized applications, it is not clear that electric vehicles will 
necessarily save any significant net amount of energy. This Is due mainly to the 
losses in electric generation, transmission, battery charging and generation of 
vehicle power. In general, the main benefit would be to replace the use of gaso- 
line with that of other fuels. Unless electrical energy becomes widely available 
from non-petroleum sources, the savings In either energy or petroleum may be 
minimal. Ford suggests, therefore, that any such demonstration project be con- 
centrated in localities where electrical energy is derived largely from sources 
other than petroleum. Ford also suggests that Section 9(b) (of both H.R. 8800 
and S. 1032) be changed so that the administrator's continuing assessment in- 
clude an analysis of the long-range energy and petroleum effects of electrifying 
urban traffic. 

On the positive side, it is true that emissions might be more easily controlled 
locally. The use of electric vehicles could Increase system efficiency by charging 
at off-peak period. Air quality In urban areas could be Improved if generators 
are located In rural areas, however, generators would require NO,, SOi and par- 
ticulate controls. 

Other approaches to reduction In petroleum derived fuel consumption should 
be pursued. For instance, the industry has demonstrated that significant Im- 
provements in fuel economy can be achieved with conventional engines. Farther 
improvements will require significant vehicle weight reduction. For this pur- 
pose Government support of research and development on light-weight materials 
for automotive use would be of great value. 

Ford has In place major programs for the development of Stirling and gas 
turbine engines. Both of these show the potential of major fuel economy improve- 
ments and low emissions. Continued and hopefully Increased Government sup- 
port of this research and development is highly desirable and would undoubtedly 
hasten the Introduction date for these systems (see referenced JPL study). 
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One element of this legislation that had drawn some favorable comment is 
that It promotes small company participation in electric vehicle technology. If 
this can be achieved without adversely affecting the research objectives (which 
is fat from certain), there would seem to be no reason why similar safeguards 
could not be applied to a program geared primarily to battery research. 

In summary, Ford supports efforts to accelerate the introduction of electric 
vehicles in n manner that significantly reduces petroleum consumption and im- 
proves urban air quality. However, the demonstration program appears to be 
premature, since technology to support It will probably not be available. Research 
and development should be accelerated so that improved batteries, hybrid 
engine-electric vehicles, Stirling engines and turbine engines will be available 
at an early date for subsequent demonstration and ultimate production and use. 

Responses to Questions Concertino S. 1632/H.R. 8800 

Answer No. 1. Change Section 9 so that Administrator's assessment includes 
the long-range impact of urban traffic electrification on energy and petroleum 
consumption. 

Defer demonstration program until significantly improved batteries become 
available. 

Kevlse the legislation to place primary emphasis on battery research. 

Answer No. 2. Ford sees no significant benefits from the demonstration 
program as proposed. 

Answer No. 3. There is a risk of negative public perception. Ford can suggest 
no restructuring that will reduce this risk if Che demonstration program is 
implemented on the proposed timetable. 

Answer No. 4. One year probably is adequate for purchase but not for evalua- 
tion of 200 to 300 vehicles. 

Answer No. 5. The time schedules for purchases number 2 and 3 appear too 
tight to permit evaluation, problem identification, redesign and Implementation 
of redesigned components in production. In addition, Ford doubts that battery 
technology will have progressed sufficiently to provide significant improvements 
during the entire demonstration program. 

Answer No. 6. All-battery electric vehicles will probably not change very much 
during this time period. Hybrid research will probably progress enough to 
establish potential gains in fuel economy. However, during this period, the 
economics of hybrids will probably be attractive only under highly specialized 
conditions. 

Government supported basic battery research is probably the most effective 
government policy for contributing toward commercialization of electric and 
hybrid vehicles. 

Answer No. 7. In addition to battery research, other Federal R&D efforts 
might profitably focus on flywheel energy storage systems, low cost motor and 
controller systems, regenerative braking, safety, accessory drive systems, and 
vehicle weight reductions. 

On a national basis, a total of $00 million seems appropriate for research and 
development (but not demonstration) on batteries, other components and 
hybrids. 

Answer No. 8. Stirling and turbine engines appear to offer more promise of 
reducing petroleum consumption and automotive emissions than electric vehicles 
and possibly within a shorter time period (see "Should We Have a New Engine?", 
Jet Propulsion Laboratory, California Institute of Technology, 1975). 

Although electric and hybrid vehicles should be given substantial research 
efforts, Stirling and turbines engines should be given greater research efforts. 

Answer No. 9. Ford has no comment at this time. 

Answer No. 10. Ford has no comment at this time. 

Answer No. II. Chapter 8, Volume II of the previously mentioned 1975 JPL 
study "Should We Have A New Engine?" provides a summary of electric vehicle 
performance characteristics. 

Ford does not anticipate major Improvements in lead-acid battery technology 
during the neit 5-10 years that will improve electric vehicles. 

Answer No. 12. High temperature alkali metal batteries, such as sodium- 
sulfur, show the most potential for future use in electric vehicles. Although 
timetables are difficult to forecast, it may be possible to have a prototype battery 
in the early 1980's and production by the mid 1980's. The intermediate perform- 
ance batteries (i.e. zinc batteries) do not appear to offer enough improvement. 
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The performance characteristics of the high temperature alkali metal batteries 
may allow power equal to conventional cars and a range possibly In excess of 
100 miles. The costs of these batteries have not yet been determined. 

Answer No. 13. Ford has no comment at this time. 

Answer No. 14. Not enough is known about the safety implications of electric 
vehicles to comment at this time, but we do not anticipate major problems. This 
is an area that requires research. 

Answer No. 15. Ford has no comment at this time. 

Answer No. 18. Ford has no comment at this time. 



Massachusetts Institute of Technology, 

Cambridge, Ma*»., October 1, 1975. 
Senator Frank E. Moss, 

Subcommittee for Consumers, Committee on Commerce, U.S. Senate, Washing- 
ton, B.C. 

Dear Senator Moss : Within the M.I.T. Energy Laboratory, we are now com- 
pleting a study of the federal role in automotive propulsion research and de- 
velopment. As this study includes consideration of electric vehicles, we welcome 
the opportunity to comment on S. 1632 and H.R. 8800 and the list of questions 
which you sent us. The final report in onr project, which discusses the electric 
vehicle option in some detail, will be available later this fall and copies will be 
provided for your consideration. In the Interim, we submit the following material 
in response to your request. 

In brief, while sympathetic to the objectives of the proposed legislation, we 
believe that the bills, as drafted, could easily be counter-productive, damaging 
rather than enhancing the prospects for an electric vehicle industry capable of 
making a significant national contribution before the end of this century. 

We recognize that this view is considerably more pessimistic than those 
presented by the great majority of witnesses at the House hearings. In explain 
ing this divergence of view (and specifically in response to your Question 3) we 
would draw special attention to the widespread tendency to assume that the 
commonly quoted ranges of existing electric vehicles In fact represent reasonable 
approximations of practical range, as it is likely to be perceived by the driver. 
On this basis, it Is frequently claimed that the ranges of electric cars with cur- 
rent technology batteries are very adequate for typical urban driving. But such 
comparisons are quite drastically misleading. 

The problem, in part, is that the generally used basis for estimating electric 
vehicle range (the Society of Automotive Engineers (SAE) Metropolitan Driv- 
ing Cycle) is substantially less demanding than actual typical driving conditions. 
Also, such calculations of range are usually based on new battery performance. 
While the total energy iter mile required for the SAE cycle seems quite reason- 
able, the peak rate at which energy must be provided (the power demand) Is 
substantially below what an urban vehicle would normally encounter- But the 
total energy that can be delivered by a battery (and thus the range ft can 
provide in a vehicle) is strongly influenced by the peak power demands ex- 
perienced during acceleration and hill climbing. 

Some effort has been made (on paper) to calibrate performance on the SAE 
cycle with performance on the more realistic EPA urban driving cycle used for 
testing conventional cars. But until these calculations have been verified by 
on-the-road performance tests, one must be concerned that average range In 
actual driving (even with a new battery) will fall significantly short of the 
nominal range based on the SAE cycle. 

Even more important, though, it is assured range over the life of the battery, 
not average range with a new battery, that is likely to be critical for the indi- 
vidual driver. Actual range will vary sharply with the age of the battery, the 
driving habits of the individual driver, weather and traffic conditions, and so 
on. Even in the most favorable areas of the country, with few hills and mild 
climates, is doubtful that the assured range of electric cars could reach 80% 
of the range derived with the SAE cycle. In less favorable situations, assured 
range may not exceed 20% of the SAE derived range. When these very real 
effects are taken into account, in our Judgment it becomes extremely doubtful 
that many drivers would find a near future electric car a satisfactory substitute 
for a conventional second car, even If one assumes that subsidies are provided 
to make the costs comparable. 
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needed. We concur with electric vehicle experts who believe that the battery la 
the went link in the future development plans for electric vehicles. The greatest 
pay-off will probably come from that portion of the pending legislation which 
would fund battery research and development. 

We are less enthusiastic about that part of tbe legislation relating to demon- 
stration projects. We point out some of the pitfalls in our answers to the 
questions posed by tbe Committee. Tbe basic question is whether the Government 
nhould fund the building of many hundreds (or even thousands) of automobiles 
when the primary problem area Is In the propulsion system itself. Consider tbe 
Experimental Safety Vehicle project : only a few were built at great expense 
and very little of that project lias Altered down to production automobiles. The 
scope of tbis legislation is much larger and the logistics of dealing with the 
many manufacture™ and Inventors will be much more difficult. 
Sincerely, 

KoBEiiT D. Knoll, Head, Auto Tett Division. 

Enclosure. 

Questions Concerning S. 1632 and U.K. 8800 

Question No. I. What changes or additions would you make to 8. 1682 or 
H.B. 8800? 

Suggested changes or additions to the bills will be explained In the subsequent 
answers. 

Question No. 2. What specific benefits do you nee arising from such a demon- 
stration program? 

The major benefit, with the timetable proposed, would be an acceleration In 
the development of electric and hybrid vehicles. It is important, however, that 
the "initial performance standards and criteria for purchase number 2" be chal- 
lenging enough technically so that genuine advances are made in battery tech- 
nology. It Is also important that those standards stress occupant safety. 

Question No. S. Some electric vehicle proponents raise the concern that "pre- 
mature" demonstration might lead to a negative public perception of electric 
vehicle potential due to alleged limited cost and performance characteristics of 
existing electric vehicles. Do you agree or disagree that this danger exists? If 
you agree, how might the demonstration program be restructured to avoid this 
problem? If you disagree, please indicate why. 

We agree that such a danger exists. Indeed, our report on two commercially 
available electric cars In the October issue of Consumer Reports magazine could 
foster Just such a public perception. The problem, as attested to by our report, 
is that the electric vehicles now sold widely in the USA are not "state of the art" 
so far as their body and chassis are concerned, but more closely resemble license- 
able golf carts. We have seen reports of, but have not tested, other low-produc- 
tion electric vehicles that purport to be much closer to conventional motor cars. 
Some are "conversions" of passenger cars. In order to avoid this problem, the 
demonstration project cars should be limited to vehicles which, in their original 
form, have been certified as complying with existing Federal motor vehicle 
safety standards. In this way, although the safety of the electric care would 
not be assured, at least it would be starting from some defined point. Electric, 
battery-powered vehicles have their own unique problems as far as crashwortbl- 
ness is concerned. Thus It Is important that they start off with a proven crash- 
worthy chassis. 

Question No. 4. Is one year a sufficient time in which to purchase and evaluate 
a baseline electric vehicle fleet of 200 to 300 vehicles, and develop performance 
criteria for purchase number 2? If not, what time frames would you suggest? 

On the basis of our testing experience we Judge one year as an extremely op- 
timistic time for letting purchase contracts, and designing and performing teats 
on a fleet of 200 to 300 vehicles. After all, the electric vehicle industry Is in lta 
infancy and many manufacturers' of electric cars cannot be considered to be "in 
production." It would take considerable time just to weed out those who do not 
have a viable product but merely wanted to cash In on the possibility of having 
the Government as a customer. The demonstration project also must cover a 
certain time span In order to evaluate the reliability of the vehicles and their 
suitability under a variety of climatic conditions. Since the design of tbe 
performance criteria for purchase number 2 Is so very critical, sufficient time 
must be allowed to do the job properly. We would suggest that 2 years would be 
more feasible. 

Question No. 5. Are tbe time schedules for purchase numbers 2 and 3 appro- 
e ? Please explain. 
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Given that the demonstration project could be done within 2 years and tbat 
the performance criteria for purchase number 2 could be established in several 
more months, we think that the timetable for purchase number 3 would be very 
indefinite. There is even a donbt whether purchase number 3 would be necessary 
at all. If the guidelines for purchase number 2 are sufficiently challenging, and 
If the electric vehicle Industry has done its homework, then why would It be 
necessary for the Government to subsidize the Industry by buying all its products? 
If the projects go ahead as planned, and If the vehicles in purchase number 2 are 
viable and useful vehicles, then the resources of the Government should be 
directed to the design and development of components (Id areas such as batteries 
and fuel cells) rather than in whole-car projects. After all, industry does know 
how to make a useable motor car. What it does not know how to do Is power an 
electric car economically and reliably. 

Question No. 6. What, in your opinion, will be the state-of-the-art In electric 
and hybrid vehicles within 42 months of enactment of H.R. 8800 assuming enact- 
ment during 1978? What government policies would contribute most to com- 
mercialization of electric and hybrid vehicles? 

Enactment of H.R. 8800 would, In oar opinion cause a scramble within the 
electric vehicle industry to see who could qualify to sell the Government the 
most vehicles. The state-of-the-art will only be improved if the demonstration 
projects use viable electric cars and if the guidelines for purchase number 2 are 
tough enough to encourage Improvements in the state-of-the-art of battery 

We question whether it should be the Government's policy to contribute most 
to "commercialization" of electric and hybrid vehicles. Rather the Government 
should contribute to the funding of the necessary research toward better bat- 
teries, the weakest link in the future development of electric vehicles. 

Battery research is clearly the single most important component in the future 
development and acceptance of electric vehicles. In order to move them out of the 
novelty class into a range of performance where they can take their rightful 
place in the transportation picture, a major step must be taken to find an alter- 
native electrical power source other than the lead-acid battery. We agree with 
the summary findings of the JPL Report "Should We Have a New Engine?" 
wherein they conclude that a major breakthrough In battery technology is re- 
quired to make electric vehicles competitive with heat-engined vehicles and, 
farther, that near-term R and D funding should be primarily directed toward 
battery research. 

Question No. 7. In addition to battery research, where shonld a fedral RAD 
program on electric and hybrid vehicles focus its efforts? How much funding 
should be provided for battery research and these other efforts during the next 
S years? 

Refer to Question No. 6. 

Question No. 8. Are there other vehicle technologies that offer comparable re- 
duction in petroleum consumption and reduction of environmental impact to 
that of electric and hybrid vehicles? If so, is the special emphasis given to electric 
and hybrid vehicles In S. 1632 and H.R. 8800 justified? Please explain. 

We have no direct experience with other vehicle technologies and suggest that 
the JPL Report be carefully reviewed. 

Question No. 9. How can an adequate manufacturing base and adequate com- 
petition be assured in electric vehicle production? Do S. 1632 and H.R. 8800 ade- 
quately address these needs? What changes or new provisions might be useful 
in this regard, if any ? 

We do not have the Information necessary for a response. 

Quention No. 10. What Infrastructure (for example, public or private recharg- 
ing station, maintenance and service facilities, etc. ) must be developed to support 
the demonstration program called for in S. 1632 and H.R. 8800? What problems 
might be anticipated in establishing such an Infrastructure? 

Since the electric vehicle Industry is fragmented at the present time, a danger 
exists that small manufacturers could set themselves up to make a certain num- 
ber of vehicles, sell them to the Government, and then go out of business. In 
this way they would reap the short-term profits and would not have to build 
into their corporate structures the sales, service and parts organizations so vital 
to the support of a motor vehicle from a consumer point of view. 

Question No. 11. What are the performance characteristics of current tech- 
nology electric vehicles? What improvements In lead-acid battery technology do 
you foresee In the next S and 10 year periods? What are the implications of these 
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Improvements for tbe performance characteristics and purchase and life eyrie 
coa ta of electric vehicles ? 

For Information on the performance of two currently available electric ve- 
hicles we refer you to the October 1975 issue of Consumer Reports and we 
have annexed a copy of that report. We do not foresee dramatic improvements 
In lead-add batteries In the next few years. Lead-add batteries hare been In 
use in electric vehicles for 75 years with steady improvement but no break- 
throughs. The major implication of improved battery technology will be much 
Improved performance characteristics* but at higher life cycle cost. 

Question No. It. In your opinion, what other batteries show promise of future 
use In electric vehicles, and on what time tables? What performance character- 
istics and costs will be associated with the use of these other batteries? 

We do not have tbe Information necessary for a response. 

Question No. IS. What problems or constraints might arise in large scale manu- 
facture of electric cars with respect to production equipment and manpower 
skills? What problems might be anticipated by electric vehicle manufacturers 
In the areas of materials or capital availability? 

We would expect no problems in the large scale manufacture of electric ve- 
hicles with respect to production equipment or manpower skills. The major 
problem with large scale manufacture will be tbe raw materials necessary, some 
of them very ex pensive and in short supply — copper, for example. We do not have 
the Information necessary to respond to the question about capital availability. 

Question No. 14. Please state your views on the current and future applicability 
of safety standards and regulations to electric and hybrid vehicles. 

The development of alternative, cleaner power sources must not be allowed 
to Inhibit the gradual progress that has been made in reducing tbe death and 
Injury rate on the nation's highways. Every effort should be made to Insure 
that the electric and hybrid vehicles Involved In tbe demonstration project be 
as safe and crasbworthy as possible. To this end the NHTSA should be In- 
structed to examine very closely each application for exemption from any stand- 
ard. State-of-the-art handling and braking must also be required, since active 
safety must be stressed as well as passive safety. Part of any demonstration 
project, and an integral part of the performance criteria for purchase number 2, 
must be full-scale crash tests. 

Question No. IS. What steps might the Federal government take to facilitate 
introduction of demonstration electric and hybrid vehicles Into state and local 
government fleets? 

We do not have the Information necessary to respond. 

Question No. 16. What Institutional impediments do you see to the widespread 
Introduction of electric vehicles? 

The question is not clear to us. 

Two Electbic Cabs 

Electric cars have been marketed without much success since before the turn 
of the century. In recent years, concern over air pollution caused by the internal 
combustion engine and the rising cost of gasoline have revived interest in electric 
cars. CU therefore decided to test the only two electric cars being sold In any 
volume In this country : the CitiCar SV 48 and the Elcar tOOO. We found major 
safety and operating problems. 

The CitiCar, made by Sebring- Vanguard, Inc.. of Sebring, Fla.. costs 92946 
delivered to our Auto Test Center In Connecticut. The Elcar, an Italian Import 
distributed in the U.S. by Blear Corp., Elkart, Ind„ cost *3475 delivered. 

Conventional passenger cars must conform to certain Federal safety standards. 
But to spur the development of low-emission vehicles, the Government has 
granted temporary exemptions from some of those standards to manufacturers 
of electric cars — with unfortunate results. 

Conventional cars must provide life-saving protection to occupants In a SO- 
mph barrier crash, a 30-mph rollover, and a 20-mph side Impact from another 
car, We believe any such crash would imperil the lives of persons Inside these 
tiny, fragile, plastic-bodied vehicles. A rollover or a severe crash holds tbe 
further threat of sulfuric acid pouring from ruptured batteries. (The batteries 
are under the padded-plywood seat cushion in the CitiCar and under the ply- 
wood floor in the Elcar — both within tbe passenger compartments.) 

There are other obvious hazards no longer tolerated in conventional auto- 
mobiles. Adjusting the safety belts is discouragingly complicated. Tet the wind- 
shield frame in the CitiCar Is Just a few Inches In front of the forehead of all 
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set of batteries after 400 to 600 recharges, or about 11,000 to 16,000 miles. Tbe 
batteries would cost about $320, plus labor. 

In the same urban shopping cycle, the Elcar was able to run 33JJ miles and 
required 12.8 kwh to recharge the batteries. That figures out to 3.B cents per 
mile where electricity costs nine cents per kwh. The Eloar would also need new 
batteries every 11,000 to 16,000 miles. Cost : $260 to 5300, plus labor. 

Thus, where electricity Is relatively expensive, neither electric car would be 
cheaper to run than the most economical of standard snbeompacts. 



How well (or, more precisely, how poorly) these cars performance depends a 
great deal on tbe outside temperature. For example, during tbe summer our Citi- 
Car's useful range without rest periods was about 20 miles ; but when the tem- 
perature felt to 40° F„ the batteries needed to be recharged after less than 10 
miles. A full charge usually took more than eight hours. 

Other factors affect range. Running at top speed (32.5 mph for the CitiCar, 30 
mph for the Elcar) drains batteries relatively quickly. So does driving in hilly 
country. Because the headlights of both the CitiCar and the Elcar dimmed to 
virtual nselessness by the time half the charge had been consumed, you couldn't 
(or shouldn't) drive these cars more than about 15 miles after dark. 

Acceleration was slow. The CitiCar required 17.7 seconds to reach 30 mph. 
The Elcar couldn't quite get up to 30 mph on our test track ; It took an excruciat- 
ing 27.5 seconds to reach 20.5 mph, dangerously slow acceleration even for city 
streets. Hill-climbing ability of both cars was poor. 

The handling of these vehicles hardly Inspired driver confidence. During sharp 
steering maneuvers, the CitiCar at first plowed straight ahead ; then it would 
suddenly swing Its rear end rapidly to and fro. Bumps caused the car to hop 
sideways, off course ; that characteristic was aggravated by the CitiCar'* violent 
ride motions, which caused the driver to turn the steering wheel unintentionally. 

The breakdown of the Elcar'i front suspension prevented ns from performing 
forma] handling tests on that vehicle. But the Elcar felt tippy and dlrectlonally 
unstable during normal driving. As In the CitiCar, the steering was very quick 
and unpredictable. 

Our braking tests went no better. The CitiCar's nonpower brakes (discs In 
front, drums in rear) required high pedal effort — about 120 pounds to lock tile 
wheels. From 30 mph, the CitiCar stopped in 51 feet with no wheels locked and In 
43 feet with all wheels locked and the tires sliding. Directional stability was 
not good ; the car swerved and pulled, generally coming to a stop at about a 
45- degree angle from the direction of travel. 

The Elcar, with its nonpower all-drum brakes, weaved and leaned sharply 
when braking from 30 mph. During one hard stop, it almost rolled over. When 
we tried to stop snorter than about 70 feet, the rear axle bopped. Our shortest 
stop, 47 feet, Involved a sharp veer to the left. 

INCONVENIENCE, DISCOMFORT 

One would Imagine that small electric cars would be most useful for short 
shopping trips in urban and suburban areas. But even here, the CitiCar and the 
Elcar fell down. Neither vehicle has a rear opening, so one must fold the seatback 
forward and load shoping bags through the narrow door openings. In tbe OittCar, 
a horizontal bar that supports the seatback obstructs access to the cargo area. 
And in the Elcar, the seatback doesn't stay folded without a prop. Neither car 
can hold more than a few small packages. 

The seats In both cars were too Arm and gave inadequate support In the .Blear, 
the seat cushions can be adjusted both forward and backward. When tall drivers 
adjusted the Elcar'i seat all the way back, they found the leg room adequate — 
but then the steering wheel was too far away. The small brake pedal was too 
far to the right. Protruding wheel housing limited foot room for the driver and 
passenger. Entry and exit were difficult. 

The seat in the CitiCar allows no adjustment. You either fit comfortably or 
you don't (most CU drivers didn't). Leg room was very tight. The optional pro- 
pane heater encroached on the passenger's foot room, the steering wheel was too 
far to the right, and the brake and accelerator pedals were awkwardly high and 
close. Kntry and exit were difficult. The Inside mirror not only threatened one's 
head during entry, but It was dlstractingly close to tbe drivers's eye. 



)y Google 



231 

The Biemi'i door windows stidr horizontally rather than rolling down. They 
gave adequate protertkM frost the d et a ta The CitiCar. however, has only 
draRly, flimsy aide curtain* like those of many early British snorts cars. 

One »ighl expect aa electric car to be quiet. The CitiCtr and tbe Blear are 
(inlet only whea stopped. At 30 mpfa on a coarse road, onr sound measurements 
showed tbe CitiCar to be tbe noisriest vehicle wr hare tested this year— about 
as noisy as tbe Homdm Cirir CVCC was at 60 mph. 

Tbe Failure of tbe Blear 1 * front suspension prevented us from recording that 
vehicle's noise levels, but the Blear seemed to us at least as noisy Inside as the 
CitiCar. 

The CitiCar felt as If it had no Bprings at all Tbe car rode uncomfortably on 
every type of road surface. Tbe Blear 1 ! independent suspension gave a somewhat 
less painful ride. Ereu so, the car bobbed busily on all but tbe smoothest roads. 

MMcuujnotrB cOMPtanrra 

Tbe Elcar has no fresh-air Tentilation system. Even with tbe windows open, 
the care was hot and stuffy in the summer. Tbe Elcwr also lacks a heater or de- 
froster, perhaps a concession to the fact that cold weather makes the car's range 
im practically short anyway. In its petition for exemption from Federal safety 
standarda, the manufacturer of the Elcar claimed that the sliding windows would 
alleviate fogging — but that proved true only when the car was moving. 

What fresh air entered the CitiCar came in mainly past the ill-fltting side 
curtains. In cold weather, the constant draft was unpleasant. A switch labeled 
"defroster" is a dummy. According to the owner's manual, It's "not funtlonal 
on moat models." The optional propane heater was hard to light and modulate. 
And it quickly fogged all the windows (one of the products of tbe beater's com- 
bustion la water vapor). 

In our opinion, most of tbe many serious breakdowns that afflicted onr Blear 
were design flaws. Our Blear sat in the shop awaiting parts or undergoing repair 
for a total of 74 days — more than half the time we owned It — until Its virtual 
demise. The main power fuses for the high speed ranges blew repeatedly for no 
apparent reason during the 370 miles we drove the car. We had to order replace- 
ment fuses from the distributor. Each tune a fuse blew, we limped home in low 
speed range and waited for a new fuse to arrive. Recently, the distributor shipped 
us a circuit breaker to replace the fuse box — a much-needed Improvement sched- 
uled for future production. 

At Just over 100 miles, a short circuit produced a brilliant flash of light from 
the headlights, and the wiper went berserk, wiping at a frantic pace. According 
to the distributor, such short circuits occur occasionally, because of Inadequate 
accessory wiring design. We received a wiring kit to correct tbe defect- 
Loose connections at the main power fuse box resulted In a loud clicking noise 
from tbe turn-signal flasher when we tried to charge the batteries. That flasher, 
Incidentally, was another weak component ; it had to be replaced twice. 

At 210 miles, the differential gears disintegrated during normal driving: and 
the car ground to a halt. Tbe replacement gears lasted another 100 miles before 
crumbling during our braking tests. 

Tbe born failed wben grease from the steering column fouled the switch con- 
tacts. A moderate tug on the parking-brake handle caused the parklng-brakc 
assembly to break in two. The wiper arm, retained only by a set screw, slipped 
on Its drive shaft. The final blow was the suspension failure mentioned earlier, 

Our CitiCar never left us completely stranded during the time we owned It, 
although it gave us some anxious moments, as tbe diary on the facing page in- 
dicates. Tbe CitiCar suffered from fewer defects than the Klrar, and most of 
those were caused by sloppy manufacture rather than by design flaws. However, 
four defects were serious. After about 126 miles, the warning light for motor 
overheating went on even though the motor was only normally warm. At ST0 
miles, a loose wiring connection caused tbe voltmeter to flicker and the horn to 
fall. Most serious, the steering wheel retaining nut was very loose, and all the 
spring fasteners In the front and rear suspension were loose; had those Item" 
gone unnoticed, they could have caused an accident. 

THE FUTURE OP ELECTRIC CARS 

These two electric cars are clearly unsuitable for any normal transportation 
function. But the main safety and design problems are solvable, either in these 
cars or in future competitors. 
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Whether there is any future for the concept of electric cars probably d 
on how well the; compete in f uel economy and cleanliness with vehicles powered 
by internal combustion engines. At this point, electric cars are no cheaper to 
ran than such economical subcompacts as the Honda Civic CTCC and the V"oJt»- 
icagat Rabbit — at least not where electricity is costly. And, of course, those two 
subcompacts and others like them are not limited to trips of under 30 miles at 
speeds of less than 30 mph. 

The cleanliness of electric cars is another open question. Electric cars them- 
selves produce no air-fouling emissions. But most of the generating plants that 
produce the electricity needed to recharge the car's batteries do produce emis- 
sions. Advocates of the electric car maintain that generating plants are more 
efficient than the internal-combustion engine, and that generating plants can 
disperse emissions high into the atmosphere, rather than concentrating them 
in city streets. Others, however, point out that wide use of electric cars might 
require double or triple the present electrical generating capacity of the country. 
At this writing, Congress is considering initiating a program, under the authority 



ClIBYHIXB CORPORATION, 

Detroit, .Wtcft .. October 2, 1975. 
Hon. Prank E. Moss, 

Chairman, Subcommittee for ConnumiTs, Committee on Commerce, V.S. Senate, 
Waihington, D.C. 
Dear Senator Moss : This is in reply to your recent letter to J. J. Riccardo. 
Chairman of the Board, Chrysler Corporation, Inviting as to comment on S. 
1632 and H.R. 8800, the Electric Vehicle Research, Development and Demon- 
stration Act of 1975. 

Attached is a statement giving Chrysler Corporation's views on electric ve- 
hicles and legislation being considered. The statement also answers most of the 
questions submitted with your letter. We hope It will be useful to you and the 
Committee In your deliberations on these bills. 

We request that the statement be included in the record of the Senate Com- 
merce Committee's hearings on electric vehicles. 
Sincerely, 

J. D. With bow, Jr., 

Director-Re* en roa. 
Attachment. 

Chbybleb Cobpobatioh Comments on S. 1632 akd H.R. 8800 

As a manufacturer of motor vehicles Chrysler Corporation is fully aware of 
the necessity of reducing transportation energy requirements, particularly as 
they relate to petroleum products. To this end, we have maintained a substantial 
research and development effort on alternate power plants, including electric 
vehicles as well as fuel cell and battery research. 

In time we believe that electric vehicles will play an increasingly important 
role In private transportation. However, there is much fundamental research 
and engineering development that has to be done to Improve the limited perform- 
ance currently available in electric vehicles, before they will meet with general 
public acceptance. Therefore, while we feel that the objectives of S. 16S2 insofar 
as they promote the technologies necessary to the development of a successful 
electric vehicle are to be commended, we cannot agree that a purchase demon- 
stration plan using currently available vehicles is the optimum way of encourag- 
ing the necessary development Our assessment is that currently available elec- 
tric vehicles powered with lead-acid batteries can be used efficiently only in 
specialized applications with limited ranges, such as urban mass transit, delivery 
and service vehicles. Present performance of currently available electric pas- 
senger cars Is not adequate for safe intermixture with regular vehicles In normal 
urban and suburban traffic. In our view their operations would be beat limited 
to restricted rights of way, such as in resorts and retirement villages. The energy 
available from lead-acid batteries, and the energy required, regardless of source, 
for a safe, minimally acceptable vehicle (In terms of performance, traffic mixing, 
etc. ) differ by a factor of from 4 to 10. Use of electrical accessories would further 
widen this gap ; passenger compartment heating would almost certainly require 
t fuels. We feel that these conclusions have been demonstrated by Chrysler 
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and others, and well documented in the literature, and Indicate that Immediate 
large scale demonstrations of available electric passenger vehicles would serve 
no purpose In advancing technology, bat would rather show the limitations of 
the present state-of-the-art, and may inhibit public acceptance. 

We would like to suggest an alternate course of action which In our opinion 
would lead more rapidly to a vehicle accepted by the public, and suitable to 

As Stated before, we believe that stored electrical energy Is one viable alter- 
native to the present internal combustion engine in certain applications, but 
only if such a vehicle can compete on near equal terms with a heat-englned 
counterpart, site for slse. In our opinion, this cannot be done by simple adapta- 
tion or conversion of existing vehicles to electric power. To realize the full 
potential of electric vehicles. It will be necessary to undertake, or continue 
substantially funded research and engineering development programs on : 

— Improved batteries, including advanced lead acid and alkaline cells for the 
short and near term, and molten salt for the longer term. 

— light weight, high efficiency traction motors, and associated power trains, 
including transmissions. 

— Design of light weight vehicle structure and running gear, with maximum 
strength/ weight ratio, reduced needs for power assists, and minimum aero- 
dynamic and road lease a. 

Such a program, undertaken and administered by E.R.D.A. would be a more 
rapid and cost effective method of introducing a more viable electric vehicle, 
than premature mass demonstrations of current technology. 

In parallel with, and possible preceding these technical developments, a study 
should be made of the nationwide role of the electric vehicle, as bus been done 
for the Los Angeles area. Inputs concerning the most likely usage of a vehicle 
may affect the direction of research programs. It Is not anticipated that within 
the next 8-12 years any single electric vehicle can be built as a specific replace- 
ment for most passenger cars. It is more likely that the first generation of elec- 
tric passenger vehicles will be sub-compacts, increasing In slie where necessary 
as energy storage systems Improve 

In offering the foregoing alternate to an Immediate purchase/demonstration 
of electric passenger vehicles we have been guided by our engineering judgment, 
experience and knowledge of other alternate power plants, the state-of-the-art 
of electro chemistry as It pertains to energy sources, and the economics of the 
marketplace. It is our opinion that the magnitude and long-term nature of the 
research still required is such that it is appropriate to have Federal govern- 
ment support. Equally, given the requisite technology, the introduction of a 
new product can best be left to private industry. 

In the above general discussion, we have addressed some of the points raised 
In your questions particularly in regards to the program approach. The following 
offers further comments on some of the technical questions. 

Even with possible Improvements in energy density and cycle-life, we do not 
feel that the lead-acid battery is a serious contender as a means of energy 
storage. Nickel-zinc Is the best candidate for a near term (1980?) "stop-gap" 
vehicle battery, but the energy density (88 watt-hours/kg) is only about twice 
that of the lead-acid cell. Cycle life is still a problem and nickel Is not a low 
cost material. For the longer term (1985-1990) the molten salt lith lam-sulfur 
and sodium sulfur cell may achieve 300-350 watt-hours/kg. In both these and 
similar cells, the operating temperatures of 700-1200' F pose severe engineering 
problems. Assuming no safety problems, this energy density would be adequate 
for a medium to light weight vehicle. In both cases, the time table would depend 
greatly on the level of research funding. Given the present level of public and 
private funding, It is our opinion that there will not be adequate improvements 
in the most promising developmental batteries (sodimum sulphur, lithium -sulfur 
and lithium-chloride). 

The hybrid vehicle has been offered as a power plant combining the best 
features of the I. C. and electric power plants, but, again based on our own 
engineering Information, and the results of several government funded studies 
(AiResearch, TRW, Hamilton, etc.) as well as the most recent Ford funded 
study by J. P. L. on Alternate Power Plants, we feel that the hybrid vehicle 
cannot meet any reasonable cost benefit criteria, and shows little, if any, ad- 
vantage with respect to emissions and fuel economy, Hybrid vehicles, and at 
this time, even electric vehicles, would not offer any major reduction In petro- 
leum consumption and will probably increase total (alt fuels) energy consume 
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tlon. Total environmental impact with fossil fueled power plants would not be 
lessened : simply transferred back to the central power station. 

Further, based on our engineering judgment and experience, as well as that 
of others, most recently the Jet Propulsion Laboratory of the University of 
California, we believe that other power plants, such as the gas turbine, Stirling, 
Diesel and certain types of stratified charge engines have the potential for 
greater fuel savings. 

As for the required Infrastructure, this would be a major long range problem 
correlative to any transportation system with a significant electric vehicle com- 
ponent. It is an excellent example of the type of problem that must be confronted 
and solved before embarking on a large purchase/demonstration program of the 
scope set out in S. 1632. A gradual, orderly Increase in the electric vehicle popu- 
lation will bring In its wake public charging facilities sponsored by local gov- 
ernment and private sector entrepreneurs. Ken-ice facilities would grow with 
private dealerships. 



A mass purchase of available electric passenger car vehicles, and those likely 
to be obtainable in the next 18-24 months, would serve no purpose other than 
to confirm presently documented problems and limitations. 

Substantial funding for energy storage research and development would be 
more productive in accelerating the introduction of an electric vehicle that could 
compete economically in the private transportation sector. Parallel, unbiased 
studies on a national scale could define the probable role of various electric 
vehicles, and resolve the presently clouded issues of (olol energy and environ- 
mental impacts. 

The total welfare of the country would be best served by government support 
of the substantial research and development required to realize a viable electric 
vehicle, rather than the premature, subsidized introduction of an at best mar- 
ginal product. 

When a viable electric vehicle results from the products of this recommended 
research, the economies of the marketplace and the competitive nature of Ameri- 
can Industry will combine to dictate the prompt production of this, or any product, 
which can truly serve the public need. 



C&D Batteries Division, 
Ikdusthial Batteries and Charqeeb, 
Plymouth Meeting Pa., October 6, 1975. 
Hon. Frank E. Moss, 
Committee on Commerce, 
U.S. Senate, 
Washington, D.C. 

Dear Senator Mobs : Recently we obtained, through the Electric Vehicle Coun- 
cil, a copy of the BUI you introduced, S. 1632 : "Electric Vehicle Research, De- 
velopment, and Demonstration Act of 1975". Tou have Obviously accomplished a 
thorough examination and summary of the needs that must be met If the worth- 
while goals of : promoting electric vehicle technologies and demonstrating the 
commercial feasibility of electric vehicles are to be achieved In the near future. 
We wholeheartedly endorse your efforts and support the enactment of this 
bill, believing that its passage will provide a new catalyst for further develop- 
ment and promotion of electric road vehicle usage in the United States. Already, 
there are signs that off-shore electric vehicle technology is moving forward at 
a rapid pace, and may be Imported to fill a domestic void. 

C&D Batteries Division lias a full, continuing interest In developing and 
applying Improved battery energy storage systems ; we have Internal as well as 
Joint research projects currently underway to this end. We do conclude as one 
result, that the lead acid battery is the only electric vehicle on-board energy 
source that can I« counted on for at least the next three to five years. 

We are happy to have the opportunity as part of the Industry Interest In the 
development of electric road vehicles, to respond In part to the pertinent ques- 
tions relative to yonr Bill also forwarded to us. Our comments fall on those 
questions that we feel qualified to give answers to based on onr involvement to 
the present : 

Queation No. 1. What changes or additions would you make to S. 1882 or H.R. 
8800? Answer: I believe that the Senate and House Bills (8. 1882 and H.R. 8800). 
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is presently written essentially answer to oar pr«nog domestic need to set, 
both from an action-planning and timetable standpoint. 

Question So. t. What specific benefits do yon see arising from such a demon- 
stration program? 

Answer. I see the benefits arising from the program as two-fold: 
(a) Providing sufficient base of mannfactaring activity for optimising the 
performance as well as operating efficiency of each vehicle component, and the 
total electric vehicle system. 

(61 Providing an in-depth analysis of industrial, commercial and private 
vehicle usage environments well suited to the electric hybrid vehicle perform- 
ance capabilities projected for the next 3-5 years. 

Question So. S. Some electric vehicle proponents raise the concern that "pre- 
mature" demonstration might lead to a negative public perception of electric 
vehicle potential doe to alleged limited cost and performance characteristics of 
existing electric vehicles. Do yon agree or disagree that this danger exists} If 
yon agree, how might the demonstration program be restructured to amid this 
problem? if yon disagree, please Indicate why. 

Answer. I do not believe the demonstration program will lead to negative 
public perception of electric vehicle potential If the program Is properly Imple- 
mented to yield the benefits described In Answer No. 2. 

Question So. i. Is one year a sufficient time in which to purchase and evaluate 
a baseline electric vehicle fleet of 200 to 300 vehicles, and develop performance 
criteria for purchase number 2? If not, what time frames woukl you suggest? 

Answer. The one year time period for purchase of a base line electric vehicle 
fleet Bhonld be sufficient; however, a centrally coordinated effort that avoids over- 
influence of special interests is needed. 

Question No. 5. Are the time schedules for purchases number 2 and 3 appro- 
priate? Please explain. 

Answer. Yes: It is not likely that any battery technology useful for electric 
vehicle, other than lead acid, will be developed within the next 3-5 years. We 
believe that industrial grade lead acid batteries can be designed and produced 
within 3-4 years, with at least 50% greater performance and twice the service 
life of the "golf car*' batteries commonly used In most electric road vehicles 
today. Also, technology for optimising the remainder of the electric vehicle system 
is mature and can be implemented well within the time allotted. 

Question No. 6. What, in your opinion, will be the state-of-the-art In electric 
and hybrid vehicles within 42 months of enactment of H.R. 8800, assuming 
enactment during 1975? What government policies would contribute moat to 
commercialisation of electric and hybrid vehicles? 

Answer. I believe it is reasonable to expect the following performance for 
commercially available electric road vehicles within 42 months: 

(«*) Range of 70-75 miles at cruising speed of 55 mph under moderate grade 
conditions and temperate climate. 

(6) Acceleration capability at least matching that of present gasoline pow- 
ered vans and other bulk delivery vehicles. 

(C) "Refueling" lime reduced ti> 3 hours or less. 
(<t) Battery life of 800-1000 full (80%) discharge cycles. 
We do not feel qualified to comment on hybrid vehicles. 

We believe that encouraging and promoting the use of electric road vehicles 
In the Federal Government sector wherever they prove to be equal or superior 
In usage benefit to gasoline powered vehicles, would certainly help spur com- 
mercial use. 

Question No. 7. In addition to battery research, wbere should a federal RAD 
program on electric and hybrid vehicles focus its efforts? How much f un ding 
should be provided for battery research and these other efforts duing the next 

Answer. To comment on lead acid battery research only, C & D Batteries Di- 
vision has put together an informal proposal for electric road vehicle (lead 
acid) battery development and usage optimizing, totaling approximately $600,000 
and coinciding with the 15 month/42 month timetable of the above Senate and 
House Bills. 

Question No. 8. Are there other vehicle technologies that offer comparable 
reduction in petroleum consumption and reduction of environmental impact to 
that of electric and hybrid vehicles? If so, is the special emphasis given to electric 
and hybrid vehicles In S. 1632 and H.R. 8800 justified? Please explain. 

Answer. Not qualified to comment 
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Question No. S. How can an adequate manufacturing base and adequate com' 
petition be assured In electric vehicle production? Do S. 1882 and H.R. 8800 
adequately address these needs? What changes or new provisions might be use- 
ful In this regard, if any? 

Answer. Not qualified to comment. 

Question No. 10. What infrastructure (for example, public or private recharg- 
ing stations, maintenance and service facilities, etc.) must be developed to sup- 
port the demonstration program called for iu 8. 1632 and H.R. 8800? What 
problems might be anticipated in establishing such an infrastructure? 

Answer. I believe that the basic nucleus or potential for this infrastructure 
already exists for industrial and commercial markets. In present Company-spon- 
sored and Independent electric vehicle dealers (e.g. electric fork lift trucks), as 
well as lead acid battery service stations. Also, many large industrial potential 
users of electric road vehicles are already using and maintaining in-planl elec- 
tric vehicles, so electric road vehicle maintenance should not pose any hardship. 

For the private user market, the lead acid battery must emerge as highly 
reliable (no premature failures) and virtually maintenance free (automatic or 
semi-automatic watering). 

Further, when and where an adequate market for "electric fuel" develops, I 
believe present gasoline vehicle service stations will expand their coverage to 
electric vehicles as well, offering such services as : 

(a) Battery teasing and rental, 

(o) Battery exchange for Immediate refueling. 

(c) Minor battery repairs and other routine electric vehicle maintenance. 

Question No. 11. What are the performance characteristics of current tech- 
nology electric vehicles? What improvements in lead acid battery technology 
do you foresee in the next 5 and 10 year periods? What are the implications of 
these improvements for the performance characteristics and purchase and life 
cycle cost of electric vehicles? 

Answer. I believe I have already answered this question except to state that 
present commercially available electric road vehicles probably have a range of 
30-40 miles at 40-80 mph. 

Question No. 12. In your opinion, what other batteries show promise of future 
use in electric vehicles, and on what time tables? What performance character- 
istics and costs will be associated with the use of these other batteries? 

Answer. The attached listing of electric road vehicle battery systems under 
consideration published last year in probably as current a summary as can be 
gathered, except that the projected availability dates for future types have moved 
out at least another year. Note also that these dates are for laboraory prototypes, 
not for commercially available, reliable on-board batteries. 

Question No. IS. What problems or constraints might arise in large scale 
manufacture of electric cars with respect to production equipment and manpower 
skills? What problems might be anticipated by electric vehicle manufacturers in 
the areas of materials or capital availability ? 

Answer. Not qualified to comment. 

Quettion No. Ik- Please state your views on the current and future applica- 
bility of safety standards and regulations to electric and hybrid vehicles. 

Answer : Not qualified to comment. 

Quettion No. 15. What steps might the federal government take to facilitate 
Introduction of demonstration electric and hybrid vehicles Into state and local 
government fleets? 

Answer. The Federal Government can certainly encourage the nse of electric 
road vehicles through current and future programs involving project grants and 
other support. Beyond this. I believe the electric road vehicle must and will sell 
its own usefulness and benefits when it is design-optimized and properly applied. 

Question No. 16. What institutional impediments do you see to the widespread 
introduction of electric vehicles? 

Answer. Americans size up the electric road vehicle as not a good buy (higher 
cost— lower performance) when compared to Its counterpart gasoline vehicle. 
This will generally continue to be true for the foreseeable future without sub- 
stantial action such as proposed by Senate Bill S. 1632, and aimed at that portion 
of the market where the electric vehicle can effectively prove itself. This market 
segment may be as high as 20% of the total present domestic vehicle market 

We will be pleased to provide further Information that you andyour collegues 
may feel useful. Thank you for your attention. 
Cordially, 
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SOME ELECTRIC ROAD VEHICLE BATTERY SYSTEMS UNDER CONSIDERATION' 
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A M erica n Automobile Association, 

Fall* Church, Va., October 6, 1975. 
Hod. Frank B. Moss, 
Chairman, Subcommittee for Consumers, 
Committee on Commerce, 
U.8. Senate, 
Washington, B.C. 

DBAS Senator Mobs: Your letter addressed to Mr. Norman Weiss has been 
referred to me for reply since my department has made a special study of elec- 
tric vehicle technology and routinely follows progress of this promising, supple- 
mental form of motor- vehicle transport. 

I welcome the opportunity to comment on the following selected questions 
concerning S. 1632 and Hit. 8800 : 

Question t. Principal benefit to be derived from a demonstration program will 
be the opportunity to convince the motoring public that (1) electric vehicles are 
not Just novelties which have more exotic appeal than practical value, (2) that 
they are now being manufactured for sale and are available to the general public. 

Question 3. Several small manufacturers have for several years produced and 
sold electric vehicles in this country, with at least limited success. Being intro- 
duced—as it would be — well after the fact, the demonstration program envisioned 
by S. 1632 could hardly be characterized as "premature." By providing substan- 
tial capital for improvement In both design and construction, the bill would 
produce a positive, rather than negative, "public perception of electric vehicle 
potential-" It would assure continuous, visible improvement of the product, en- 
hancing Its appeal to the motoring public. 

Question 7. Storage batteries obviously can, and must, be Improved substan- 
tially if the electric vehicle Industry is to gain a foothold In the marketplace of 
the immediate future. However, even most optimistic prospects reveal a system 
which is much too cumbersome and costly to be used as an energy source for an 
electric vehicle population of any real sophistication, size and importance in 
terms of energy conservation. Therefore, heavy emphasis should be placed on 
innovative, new systems such as super-cooled magnetic energy storage devices, 
and the balance of research concentration and funding shifted accordingly. 

Question 10. Since a fundamental reason for supporting growth of an electric 
vehicle population is to maximize efficiency of public utility operations by en- 
couraging night-time use, special attention should be given to development of 
re-charging facilities for the millions of privately-owned motor vehicles which, 
of necessity, are "garaged" at the curb. Outlets for emergency use exist In abund- 
ance, because of the number and ubiquity of service stations and garages. But 
special facilities would probably have to be Installed at motels and hotels when 
cruising range, speed and safety characteristics of electric cars moke overnight 
trips feasible. 

Question Lj. Until cruising range and speed encourage highway use, minimal 
safety standards might be acceptable. However, when electric vehicle technology 
has reached full-partner status in the system of passenger transport, relevant 
safety standard of maximum effectlvenes should be applied. 



)y Google 



Questionie. Aside from tbe urgent need to Improve battery storage capacity 
and reduce weight, the only "Institutional impediments" of consequence should 
be those of a logistical nature — -providing back-up systems required to sustain 
an electric vehicle population. However, none of these seems severe, in prospect 
Electric current is available today, even in the remotest hamlet. And electric 
motors are a known quantity of elemental simplicity, by comparison with the 
internal combustion engine. They can easily be repaired or replaced by commer- 
cial sources which are found in most communities beyond village site. 
Yours sincerely, 

Richard F. Cubby, 
Director, Environmental Affairt. 



National Academy of Sciencks, 
Wa»hington, B.C., October 9, 1VJS. 
Hon. Frank B. Mobs, 
Chairman, Subcommittee for Consumers, 
Committee on Commerce, 
D.8. Senate, 
Washington, B.C. 

Dear Senatob Mobs : This is In response to your request for views on S. 1632 
and H.R. 8800, bills entitled the "Electric Vehicle Research, Development and 
Demonstration Act of 1875." 

The National Academy of Sciences has had limited involvement in the study 
and consideration of the technological development of electric and hybrid vehicles. 
Under Sec. 6a of tbe Clean Air Amendment of 1971, the Academy was asked to 
study and report to the Congress and the Environmental Protection Agency on 
tbe technological feasibility of meeting the emission standards prescribed in that 
Act. As part of this study, the Academy also considered the state of technology 
of a number of alternative power systems and the potential they offer for emission 
reductions over that of conventional engines, Including the consideration of costs, 
productivity and maintainability. Among these alternatives was the electric 
vehicle as a long-term alternative to vehicles powered by the Internal combustion 
engine. 

The November 1074 report of our Committee on Motor Vehicle Emissions con- 
cluded as follows : 

"Based on present technology, it is feasible to manufacture electrically driven 
personal vehicles for low-performance (short range and low power) urban use. 
Even when equipped with the best currently available lead-acid storage batteries, 
these vehicles will have a high initial cost, low energy efficiency, and a high total 
coat per mile driven. 

"Tbe dnty cycle of delivery vans and urban buses offer an attractive oppor- 
tunity to Introduce electric-powered vehicles with heavy-duty lead-acid storage 
batteries, even with the limitations of today's technology. Higher-energy and 
power-density batteries currently under development could make electric vehicles 
comparable In initial cost and superior In per-vehicle-mile cost than gasollne- 
englned vehicles. In view of the strong likelihood for a gradual shift toward coal, 
nuclear, geothennal, and, perhaps, solar primary energy sources, there are strong 
Incentives for the development of advanced storage batteries and electrically pro- 
pelled vehicles." 

I have referred to these study conclusions to underscore the findings implicitly 
stated in S. 1632 and H.R. 8800 that for certain uses electric vehicles are today 
technologically feasible, and that for the long term the prospects are favorable 
for development of electrically driven personnel vehicles. The improved prospect 
for a future commercial market and related potentials for economies of scale, the 
rising costs of gasoline and regular maintenance for conventional internal com- 
bustion driven vehicles, and the concerns over energy conservation and air pollu- 
tion, add to the favorable environment In which to assess the feasibility of electric 
vehicles. Certainly the Federal Government should pursue the option of the elec- 
tric vehicle as one means of minimizing environmental problems, reducing de- 
pendence on foreign petroleum sources, and promoting long-range conservation 
of liquid fuel. 

There are, however, several major deficiencies In present electric vehicle tech- 
nology which lead, in my view, to tbe conclusion that a demonstration program 
at this time would perhaps be premature and would lie unlikely to further sub- 
stantially the state-of-the-art. Tbe first technological barrier Is the current re- 
liance on lead-aeld batteries and the need for additional research to develop 
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energy storage systems of much higher density and loner in weight than the 
lead/acid systems. The second area of needed research is In development of im- 
proved vehicle transmission systems. Without technological Improvement in these 
two areas, it is unlikely that the electric vehicle will become competitive with 
the internal combustion engine vehicle, except as a specialist electric vehicle for 
freight deliveries, for vehicles employed in factories, hospitals, parks, etc., and on 
a more limited scale for powering urban buses. Electric vehicles are currently 
in use or being tested for these purposes. 

In assessing the performance of present and anticipated electrically driven 
vehicles the studies by our Committee on Motor Vehicle Emissions provided a 
number of relevant conclusions with reBpect to these problems. Currently avail- 
able lead-acid storage batteries have significantly higher initial costs and vehicle 
costs per mile than today's gasoline driven sub-compacts, with no Improvement 
in overall energy efficiency. A substantial increase in the cycle life of lead-add 
batteries could, perhaps, provide Improved energy economy and lower vehicle 
costs per mile. It is unlikely, however, that significant long-term improvements 
can be achieved in the driving range of the lead-acid battery. It should be noted 
that recent advancements In the technology of alkali metal-sulfur systems offer 
substantial promise for technological breakthrough leading to development of 
high-energy, high power density battery systems. Prototype testing programs In 
the nest several years should provide more definitive answers. However, produc- 
tion of significant numbers of electric vehicles based on alkali metal batteries, 
optimistically, cannot be expected for the next ten years. 

Based upon reports and studies by our Committee on Motor Vehicle Emissions, 
it would seem that the most desirable and effective incentives could be achieved 
under a Federal promotional program designed to foster research and develop- 
ment of more efficient energy storage and transmission systems. Such a program, 
combined with a deliberate policy, as stated in the proposed measures, to favor the 
introduction of electric and hybrid vehicles into the vehicle fleet of Federal agen- 
cies, establishes, in my view, a constructive policy for promoting the develop- 
ment of commercially feasible electric and hybrid vehicles. 

For the above reasons, I would urge that legislative priority be given by the 
Congress to those provisions of H.B. 8800 and S. 1632, which (1) foster research 
to promote the advancement in the technology of energy storage and transmission 
systems of electric and hybrid vehicles ; and (2) provide for the introduction and 
use of advanced vehicle systems in the fleets of Federal agencies. 

There is a final observation which I wish to underscore for your consideration 
concerning a conclusion set forth under the findings In H.R. 8800, that stationary 
sources of pollutants are potentially easier to control than moving vehicles, 
making it environmentally desirable for transportation systems to be powered 
from central sources. Although in principle this conclusion would seem correct, 
there remain Inherent difficulties in controlling stationary sources of pollutants, 
especially the generation of power from coal and the problems related to the 
control of sulfur oxide emissions. If the Committee desires more information on 
this topic, a further discussion on this subject is set forth in Air Quality and 
Stationary Source Emission Control, a report by the National Research Council 
prepared for the Senate Public Works Committee, March 1975. 

In conclusion, 1 should add that because of our limited experience with the 
programs proposed under S. 1632 and H.R. 8800, it seemed more appropriate to 
provide comments In the above manner rather than under the outline of questions 
In the enclosure accompanying your request for views. Also, I have enclosed copies 
of the appropriate reports of our Committee on Motor Vehicle Emissions which 
provide more details on the subjects under legislative consideration. 

I am very pleased to provide these views for your consideration and hope they 
will be of use to your Committee. 
Sincerely yours, 

Philip Handler, President. 

I NTEB NATIONAL LEAD ZlNC RESEARCH ORGANIZATION, INC., 

New York, N.Y., October 9, 1975. 
Hon. Frank E. Moss, 
Committee on Commerce, 
V.8. Senate, 
Washington, D.C. 

Dear Senator Moss : The Eleetrie Vehicle Council has kindly forwarded your 
questionnaire on electric vehicles and I am glad to respond. There is not sufficient 
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provide too with the considered view of the ludmaUj represented 




s in the bill should be placed an the electric multi-stop delivery vm.ii 
(or tbe electric baa) rather than the personal vehicle. Specifically, tbe wording 
under 1(a) should read -Within 2 rears of enactment, contracts should be 
entered into for the purchase of a reasonable number of electric multi-stop com- 
mercial delivery vehicles for evaluation tests and initial demonstrations, the 
demonstrations to take place in fleet operation. (When operated in fleets, ade- 
quate technical supervision may reasonably be planned for, and routes can be 
preplanned so as to ensure that the vehicle range is adequate for each mission).'' 

At tne same time, a number of vehicles designed for personal transportation 
should be purchased in order that suitable designs and initial performance stand- 
ards mar be developed. 

(c) Within 2% years of enactment, contracts would be entered into for pur- 
chase of at least 2JS00 commercial vehicles meeting the criteria developed In h. 

Item e should remain as stated. 

2 and 3. The principal benefit would be to provide incentive to Optimise tbe 
design and to encourage tooling up for large scale production. Significant overall 
improvement could be accomplished by relatively modest improvement in in- 
dividual components, especially in: (a) batteries; <b> electric motors; (c) 
controls; Id) tires; and (e) optimisation of component weight. 

3. Provided that demonstration Tehides are placed in tbe bands of technically 
competent or carefully trained operators, and provided that they are operated on 
fixed routes, preferably in fleet operation for greater control, the vehicles would 
provide a demonstration of the simplicity of operation of the electrics and their 
low operating cost and increased reliability as compared with gasoline powered 
vehicles. This could only be anticipated if they are operated under these con- 
trolled conditions. Without proper control, I would not expect good results. At 
this stage of development, the electric vehicle will certainly not live up to the 
expectations of the average uninformed user as regards range and speed and. 
therefore, would probably be used in unsuitable situations. 

A personal electric vehicle, whose battery is exhausted, would be highly visible 
on tbe roadside and a relatively small number of such cases would introduce 
prejudice into the minds of the general public Therefore, the placing of tbe 
personal electric vehicle should be carefully restricted to those able to demon- 
strate a grasp of the limitations of the vehicle and the need for it to be used in a 
structured situation, such as commuting to work. 

4. I would suggest a time frame of 2 years 

5. I would provide 2% years for purchase number 2 In order to allow Improve- 
ment in existing designs to be made and for these improvements to reach small 
scale production. Purchase number 3 I would be inclined to extend to 4 years. 
It is my belief that the prototypes and tbe small quantity production which we 
bare seen so far do not represent design up to tbe present state of the art- For 
example. In many cases, the electric motor has not been especially designed for 
electric vehicles and therefore, operates at relatively low efficiency. Time would 
be needed to improve on this situation. 

6. Within 42 months, tbe lead acid battery will remain tbe sole economic means 
of propulsion for electric vehicles. Its energy density will nave been improved 
as compared with such propulsion batteries now In production by up to 20%. 
Just as Important as energy storage capability of tbe battery is its cycle life. 
This will have been Improved due to improved battery manufacturing techniques 
and charging equipment and procedures. The cycle life of the battery is extremely 
important because of its effect on maintenance costs. 

Other batteries may become available for production. Tbe first is likely to be 
the nickel-zinc battery followed possibly by a zinc-sir battery. The economics In 
both cases will be less favorable than for lead acid and, therefore, these batteries 
will not be used where tbe vehicle can operate on a fixed route or with a restricted 
mission where a range limitation is not important. There are many application* 
where the limited range of tbe lead acid battery powered vehicle would he entirely 
adequate. The government policies which would help would Include : 
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(a i Designation of moats within cities where exhaust miiiiiik Tekkaos «m«M 
be banned: 

I b i Pennine of mads 10 allow safe «» of vrtkte operating at relatively skw 

(o| A Ma s tr Mc inr e to favor Hat aw of etecCrte TcMctra ; 

1J1 Ctiliiics stK«ld differentiate in ens* between peak and .Jf-j>mk use .tf 
power, so (bat loir eon electricity will he available for off-peak charging: 

(e) RHMMi and development 00 vehicle design ; 

1/1 Placement of purchase orders adequate to allow manufacturers to defray 
cost of special tool* for prodnctian of improved batteries etc. 

7. Among hybrid vehicles tbe flywheel battery hybrid should receive attention. 
Regenerative braking is costly using electronic controls:, however, the incor- 
poration of a flywheel in the system would allow regenerative braking to be 
achieved at low cost. Batteries operate viery inefficiently wben subjected to wry 
heavy power demand such as occurs during acceleration. A flywheel which has 
been trickle charged from the battery or charged by means of regenerative 
braking would net as a load leveller for the lead acid battery. By this means the 
range of an electric might be doubled. 

Charging methods should be improved. The life of the lend acid battery •» 
important to the economics of the project, can be considerably improved by 
refined methods of charging and these should he identified and special attention 
should be given to reducing the cost of charging equipment, and this applies 
especially to the charger capable of very high rates of charge such as a "gas" 
station might use. 

Charging stations should be available to the electric vehicle driver en route In 
the same way that gas stations are available today. There should tie facilities 
for charging at parking meters and in order that gas stations be able to give a 
heavy boost of charge to a number of vehicles, special planning will be needed to 
supply the necessary power. 

An electric vehicle must he designed as an electric vehicle from the beginning. 
It must not be an adaptation of an existing vehicle design. The government could 
fund such projects as would improve overall vehicle design and Importantly 
improve the efficiency of electric motors and reduce the cost of controls. 

8. I know of no comparable means of reducing petroleum consumption. Tbe 
special emphasis on the electric vehicle seems to me to be entirely justified. 

9. Commercial demand for multi-stop electric delivery vatu should be the first 
to be stimulated. Tax incentives would help in this regard. Refinements in design 
achieved through the electric delivery van program could then be applied to 
production of personal cars. The public must be educated to the reduced range 
and speed offered by the electrics and then steps could be taken to motivate 
them to purchase the electric vehicles. 

10. An important development would be for service stations to sell power 
rather than batteries. A customer would exchange his batteries and pay only for 
the power used. Tbe batteries would remain the property of the service station. 

11. It is not possible to realistically discuss tbe performance characteristics 
of current technology electric vehicles without taking account of cost. Also tbe 
range of an electric is sensitive to the speed at which the vehicle is driven. 

One elecric van now on tbe market (The Battronlc) has provided when loaded 
a 60 mile range in city driving, including use of an expressway, at an average 
speed of 25 miles per hour. Its acceleration is comparable to other similar 
vehicles to 30 miles per hour in 9.6 seconds. It provides a top speed of 60 miles 
per hour (at reduced range). Its curb weight is 5,800 lbs. empty of its load. It Is 
powered by 2,200 lbs. of batteries. 

Incremental Improvements In all components of the vehicle would allow sub- 
stantial improvement in this performance within the present state of the art 

In order that the price of a van be comparable to that of a conventional 
vehicle, it is desirable to accept more limited performance characteristics. 

A study by Copper Development Association has shown that In 1975 a van 
capable of 40 miles per hour and 40 miles range should find a market of 326,000 
vehicles in the U.S.A. This range should be doubled in the next five years using 
say 800 lbs. of improved lend add batteries and with Improvements In vehicle 
components. 

In 5 years, there might be a 20% improvement in energy storage capability of 
the lead acid battery. Batteries cycle life should at the same time be consider- 
ably improved. At this stage of the technology, there Is a trade off between energy 
storage capability and cycle life. With a 20% improvement In energy storage, II 
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should be possible to bring about a significant improvement In cycle life. It mnat 
be possible to bring about a significant improvement in cycle life- It mast be 
recognised that the improvements suggested here are marginal improvements, 
and they do not take account of any possible breakthrough in technology. How- 
ever, these taken together with improvement in the efficiency of electric motors 
and improved vehicle design could result in doubling the range of the electric 
vehicle, all other things being equal. 

12L Within i» years, there should be a nickel rinc battery available which might 
again double the range of the vehicle but this would be done at increased battery 
cost. There is a zinc air battery now being developed in France and elsewhere 
and this may have been proved economically viable in this period. 

13. No response to this question. 

14. To the extent that safety standards may increase the weight of the electric 
vehicle, they are likely to hinder its development. Such standards should realisti- 
cally take into account the reduced speed and different method of operation of the 
electrics and should be accordingly less stringent. 

15. Financial incentives would facilitate the introduction of demonstration 
electric and hybrid vehicles into state and local government fleets. 

16. No response o this question. 

Yours sincerely, 

AomrR Cook, 
Manager, Electrochemistry. 



Die Mesh CoaposA-nos's Astbwebs to Electbic Vehicle Question muse 
Anttcering Question I : 

Section 11 of HR8800 entitled Loan Guaranties is satisfactory, with the excep- 
tion that subdivision (c). which guaranties only 90% of the loan made by a 
participating bank, should be eliminated. If the loan guarantee provision of this 
bill is to mean anything, the Federal guarantee should be 100%, or else it is vir- 
tually certain that there will be very few banks that will participate in this 
program. Xo bank will risk 10%, 5%, or even 1% on a relatively new venture 
such as the electric vehicle project as set forth in this bill. From our personal 
experience in approaching banks to become involved in the electric vehicle 
project, we were Issued a swift turn-down. Banks will not finance a new venture 
and If they are exposed to even a 10% risk, they will definitely not participate 
in this program. However, if the loan is guaranteed 100% we are sure that we 
or any other technically qualified company will have no problem obtaining an 
immediate loan so that we may begin preparing our company to meet the aims 
of this bill, pending the implementation by ERDA of the financial arrangements 
between the various companies that will be involved. Further, any loans that 
individual, technically qualified companies are able to obtain on their own should 
be supplemented Initially with advance monies under this bill, so that all the 
necessary initial preparation that the companies will have to undergo win not 
be delayed by lack of funds. 
Answering Question t and 3: 

From this demonstration program will evolve new ideas and developments not 
now envisioned into such components as motors, controls and batteries. Farther, 
there will be standardisation of the basic hardware and electrical components 
that are necessary for the electric vehicle, thereby facilitating Its manufacture. 
The demonstration program at this point cannot be premature, because electric 
vehicles as they exist today are capable of playing a very definite role in the 
transportation habits of our society. The demonstration program under this bill 
will also be an education program, whereby the people realise the limitations of 
the electric Tehlcle and at the same time learn that there is a vast segment of 
onr population that can very easily use an electric vehicle due to their limited 
driving patterns. Further, as the program is implemented, there will be new 
developments made In the electric vehicle which will decrease its limitations and 
thereby increase its useability. Unless these vehicles are made and placed on 
the road continuously, progress will be low in forthcoming. Therefore, with the 
implementation of this bill It will be seen that things will start to happen very 
quickly in this young industry. 
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Answering question 4 : 

One year Is sufficient time In which to purchase and evaluate a baseline electric 
vehicle fleet of 200 to 300 vehicles and develop performance criteria for purchase 
number 2, provided sufficient capital Is allowed to complete a project of this kind 
without penalties. 
Answering Question 5: 

The time schedules for purchases number 2 and 3 are appropriate, provided 
sufficient capital is allowed to complete a project of this kind without penalties. 
It must be realized that the electric vehicle industry has, throughout Its history, 
been hampered by lack of sufficient capital to actually do the proper job in 
manufacturing electric vehicles. Therefore, corners always had to be cut, com- 
ponents had to be improvised and converted, instead of being specifically designed 
and built for an electric Vehicle. If this program is to be a success and we In the 
Industry are to do the job "the right way", the capital Insufficiency must be 
eliminated, and we must have the proper funds to do the right Job. Therefore, 
the schedules as set forth In these bills is satisfactory if sufficient money is made 
available, thereby allowing us for the first time to stop all this improvisation 
and conversion. 
Answering Question $: 

The goal of this bill should be to place technically qualified companies that 
have had "on the road" experience with electric vehicles over the past years in 
full production. Consequently, when the project under this bill is completed, these 
companies will be fully capable of continuing the mass production of electric 
vehicles to meet the consumer demand, which should be substantial by the time 
this program is completed. To predict the advancements that will be born out of 
this bill at this time is Impossible, because they can only come through the hard 
work that is necessary to Implement ail tbe alms of this bill. However, at the 
end of four (4) years we can guarantee that those advancements will be 
numerous, and as a result thereof we firmly believe the electric vehicle will have 
captured the imagination of the consumer. 
Answering Question 7: 

This bill should definitely not single out any one component as the "hero" 
of electric vehicle advancement. This bill should concern Itself with all areas 
where technological advancements can be made, such as first and foremost the 
electric motor, body weight, batteries, controls, charging units, standard charging 
stations, repair stations, replacement characteristics and standardize ion of parts 
common to all electric vehicles. The battery should receive no special attention at 
this time, for if It is made the key to success it will conflict with the established 
aims of this bill. The battery should take its place as an acceptable component 
that may, through this grant, improve or produce a new technology. Success in 
this project will first come from basic Improvements, and then through new Ideas 
and inventions. 
Answering Question 8: 

To our knowledge, there are no other vehicle technologies that offer comparable 
reduction In petroleum consumption and reduction of environmental impact to 
that of electric vehicles. 
Answering Question 9: 

This program should not be implemented on a bid basis. For the best results, 
technically qualified companies should be chosen to participate. The best means 
will be to give each company that is qualified the same amount of vehicles to 
product and also to provide three advance prototype models. At this point, it 
should be noted that this project not Include newcomers to the electric vehicle 
industry, because they would require at least a three-year test period from the 
point that they perfected their electrical drive system. Only then can they even 
begin to order the necessary components to produce their vehicles on a mass 
scale. Only companies that have had "on the road experience" can make a 
success out of this bill. The Administrator should be made aware of the fact 
that if the financing under this bill is diluted to too many companies, or if inex- 
perienced companies are chosen to participate, then it is doomed to failure. The 
qualified companies should be allotted equal capital and assigned the same goals 
at each phase of this project. Those that survive and produce a superior product 
should be given further support, if necessary. 
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Answering Question 10: 

Firstly, the vehicles should be distributed in tbe same geographical area in the 
beginning of this project, to facilitate maintenance, repair and recharging. In 
each geographical area, there should be strategically located ping-in stations, 
combined with parking meters, so that tbe consumer can recharge the vehicle 
after it leaves the home garage. 
Answering Question 11: 

We can only refer to the Die Mesh electric vehicles, which have obtained a 
range between 25 to 35 miles, using a 2.600 pound vehicle with top speed of 50 
miles per hour. Further, we envision that the lead acid battery can, with certain 
Improvements, give a 30% increase in yield and provide an improved life cycle. 
However, we do not see any miraculous break-th rough giving a tremendously 
increased yield wltb the lead cell battery. As It exists today and with the sug- 
gested Improvements that the electric vehicle makers can give to the battery 
manufacturers, we feel that these batteries can do the job as envisioned under 
this bill. 
Answering Question 12: 

This question should be directed to battery companies. However, in the area 
of motors, the Die Mesh Corporation feels that with the improvement of this 
component, specifically designed for an electric vehicle, the range of an electric 
vehicle could Increase from its present range to between 90 and 100 miles on a 
single charge with the existing lead cell batteries. This advancement in the 
motor design will also give excellent performance to an electric vehicle equal In 
safety to the internal combustion engine. The Die Mesh Corporation feels that 
its new invention In electric motors known as tbe "Modularized Electric Motor", 
which Is briefly explained in the text of the testimony of Domenic Borello to the 
Senate Commerce Committee on October 10, 1975, along with tbe accompanying 
copy of the disclosure document filed by Die Mesh Corporation with the U.S. 
Patent Office, is a major break-through in electric motors and will give an electric 
vehicle the aforesaid range, if not more, after it Is fully implemented into said 
vehicle. 
Answering Question IS: 

Any problems or constraints that might arise in large scale manufacture of 
electric cars with respect to production equipment and manpower skills would 
relate to the definition of time and demand, and could be reduced if the govern- 
ment demonstrates to the public and the financial world Its long-range support 
and acceptance of electric vehicles. This would provide the additional capital 
after this program Is completed. As to the material, It would remain the same 
for an electric vehicle as It is in an internal combustion vehicle, most metals 
being able to be recycled in the electric vehicle. 
Answering Question If: 

We have not had any experience with hybrids, nor have we seen any being 
used daily on the road. However, electric vehicles would not differ in safety as 
compared to the internal combustion vehicle if electric vehicle manufacturers 
had sufllcient funds to properly put together said vehicle. (See "NOTE", page 6.) 
Answering Question 15: 

The Federal Government should purchase electric vehicles for immediate use 
in local areas by governmental employees, wherever possible, and in some fashion 
show on said vehicle that It is an electric vehicle. 
Answering Question 16: 

The only Impediment we see to the widespread Introduction of electric vehicles 
is the temporary adjustment to range and speed. 

courage di 
s or befor 
/chicle bill : 

1. A complete electrical system combined with a complete gas engine syatera, Including 

2. It must perform equally to other types of electric vehicles, In spile of the fact that 
it Is carrying the iras engine system plus gas. 

3. It must perform equally to some other similar gas engine vehicles, la spitf of the 
fact that It In currying a complete electric vehicle system, Including batteries. 

4. It must Include all of the safety factors for high speed vehicles. 
— ■ ... .... >--'-", r . B upp0j.tea in Its chassis design In order to carry the 
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maintenance stations. 

nraming gasoline and making pollution equal to a 
compact car gasoline engine, because of all the above factors, which la clearly In con- 
tradiction of the goals and alms of this bill. 

The Inclusion of the hybrid vehicle In this bill will severely dilute both the efforts and 
result* that can be achieved In the next four (4) years la the electric vehicle. We can 
only state at this time that we have never seen an actual working model of a hybrid 
vehicle, and we feel this la due to the serious problems of the hybrid previously enumerated 
in items 1 through T. However, If the government desires to develop a hybrid, these should 
be a separate bill designed specifically for hybrid vehicle technology. 



General Motors Corporation, 
Detroit, Mich., October IS, 1975. 
Hon. Frank B. Mobs, 
U.S. Senate. 
Washington, D.C. 

Dear Senator Moss : I am pleased to respond to jour letter of September 19 
to GM President E. M. Estes in which you requested answers to a list of 16 ques- 
tions concerning electric vehicle research, development and demonstration. 

Enclosed is a statement presented earlier this year before the House Subcom- 
mittee on Energy Research, Development and Demonstration on H.H. 5470, a bill 
similar to S. 1632 and H.B. 8800 that are before your Committee. 

In the House statement, General Motors recommended that demonstration 
programs would not be appropriate at this time because the principal Impedi- 
ment to commercial feasibility of electric vehicles Is the state of the art of battery 
technology. When more adequate batteries are developed government subsidies 
should not be required for there would be adequate Incentives in the marketplace 
for the introduction, sale and purchase of battery-powered vehicles. 

This lieing the case, we do not think it is appropriate to comment on the work- 
ings of a demonstration program. However, we are attaching answers to some of 
the questions raised by your staff to which we feel GM answers may provide 
information useful to the Committee 

We would appreciate your Including the attached statement In your hearing 
record. 

Sincerely, 

Robert F. Magill. 

Enclosure. 

Question 6. What, in your opinion, will be the state-of-the-art in electric and 

hybrid vehicles within 42 months of enactment of H.R. 8800, assuming enactment 
during 1975? What government policies would contribute most to commercializa- 
tion of electric and hybrid vehicles? 

Answer. As indicated in the GM testimony, we believe research into critical 
"bottlenecks" to electric vehicle development can advance the-state-of-the-art. 
The areas where government research would be helpful include electrode proc- 
esses, electrode catalysis, battery materials and cell durability. The state-of-the- 
art in electric and hybrid vehicles at any future time wilt be highly dependent 
upon battery developments. It is likely that the most advanced battery available 
at the specified time would be zinc-nickel oxide. We would not anticipate signifi- 
cant advances In other electrical vehicle aspects in that time frame. 

In addition to research on battery technology, both the Congress and the Ad- 
ministration should attempt to understand the appropriate role of electric ve- 
hicles In the nation's energy and environmental policies. Whether the electric 
ear can make a significant contribution to realization of those policy goals will 
depend on issues far broader than the issue of the electric- vb. gasoline-powered 

The last paragraph of the GM statement on S. 1632 addresses the issue of com- 
mercial development of the electric car : 

"As higher performance batteries with greater durability, power and energy 
storage capability at reasonable cost are developed, combined with increased 
electric power generation capacity based on nuclear power, battery-powered 
electric cars should become more competitive with alternates. When the eco- 
nomies of electric cars become more favorable, there will be no need for the 
expenditure of public funds to promote them. Our competitive system will ensure 
that the products are provided as the commercial opportunity develops." 

Question 7. In addition to battery research, where should a federal RAD 
program on electric and hybrid vehicles focus its efforts? How much funding 
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should be provided for battery research and these other efforts during the next 
5 years? 

Answer. The following two paragraphs are from page 17 of the GM statement : 

"The second area for useful government effort concerning the electric car Is 
directed toward energy and traffic management considerations in which the 
government should and must carry the major responsibilities. Some of these 
issues and value Judgments are beyond the appropriate role of business. 

"It Is important to understand the social, economic and environmental Impact 
of electric vehicles on a nation where a shortage of electric power capacity Is 
threatened. Studies of urban traffic problems and the effects of added congestion 
resulting from slower electric vehicles mixing with other vehicles are both neces- 
sary and desirable." 

Question 8. Are there other vehicle technologies that offer comparable reduc- 
tion in petroleum consumption and reduction of environmental Impact to thai 
of electric and hybrid vehicles? If so, is the special emphasis given to electric 
and hybrid vehicles in S. 1632 and H.R. 8800 Justified? Please explain. 

Answer. Whether electrification of transportation can contribute to environ- 
mental improvement and energy conservation will depend greatly on the source 
of energy used to generate electric power. Electric vehicles could contribute to 
conservation of petroleum only if the electric power used to charge batteries were 
generated from non-petroleum energy — nuclear power or coal. 

With regard to environmental effects of electric power production in connec- 
tion with electric vehicles use, see Attachment F to the GM statement, a report 
on "Impacts of Electric Car Use in St. Louis, Philadelphia and Los Angeles" by 
William Hamilton. The author concluded that coal-generated electric power for 
vehicles could seriously increase sulfur oxide levels. Sulfur oxides, on a pound 
for pound basis, are more toxic than auto emissions. 

Therefore, emphasis on promoting use of electric vehicles is premature until 
such time as : 

1. The electric power to charge batteries is generated from non-petroleum fuel. 

2. Technology is developed to generate electric power from coal In an environ- 
mentally acceptable manner and questions of nuclear safety have been resolved. 

3. More efficient electric storage batteries have been developed. 

QueatUm 9. How can an adequate manufacturing base and adequate com- 
petition be assured In electric vehicle production? Do S. 1632 and H.R. 8800 
adequately address these needs? What changes or new provisions might be 
useful in this regard, if any ? 

Answer. General Motors believes that concern with questions such as these 
is premature. Until more efficient batteries are developed which place the elec- 
tric car on a firmer competitive footing vis-a-vis gasoline powered cars, there is 
little incentive for private business to invest the capital necessary for production. 

In the event the technological hurdles are overcome, we believe there will be 
adequate Incentive to attract venture capital and opportunities for many new 
businesses to compete in a new industry. 

Question 11. What are the performance characteristics of current technology 
electric vehicles? What Improvements in lead-acid battery technology do you 
foresee In the next 5 and 10 year periods? What arc the implications of these 
improvements for the performance characteristics and purchase and life cycle 
costs of electric vehicles? 

Answer. See Attachment B of the GM statement which describes GM electric 
and hybrid vehicles. 

While Improvements in lead-acid batteries may be possible in the next B to 10 
years, such improvements are difficult to forecast. Nevertheless, continued evolu- 
tionary Improvements in batteries probably will occur. 

It is important to bear In mind, however, that the energy density of lead add 
batteries is only about 1% that of gasoline. Enormous Improvements In battery 
technology would be required to overcome that relative handicap. 

Question It. In your opinion, what other batteries show promise of future use 
In electric vehicles, and on what timetables? What performance characteristics 
and costs will be associated with the use of these other batteries? 

Zinc-nickel oxide batteries in the nearer term and sodlum-snlfur and lithium- 
sulfur batteries in the longer range appear to offer the greatest promise of pro- 
viding a reasonable combination of specific power, specific energy, durability and 
cost for future electric vehicles. 

We would expect that the slnc-nichel oxide battery which may about double 
the energy density of the lead acid battery should be available in the late lflTO's. 
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Sodium sulfur and lithium sulfur high temperature batteries, which mar offer a 
six to eight fold Improvement in energy density over lead acid batteries, may be 
developed to the point ot commercial feasibility by the 1990's. 

Question IS. What problems or constraints might arise in large scale manufac- 
ture of electric cars with respect to production equipment and manpower skills? 
What problems might be anticipated by electric vehicle manufacturers In the 
areas of materials or capital availability? 

Answer. It is both premature and futile to speculate at this time about the 
problems which might arise if and when electric vehicles reach the stage of large 
scale production. 

Even if technological problems with development of satisfactory batteries 
can be overcome, it is reasonable to assume that production of electric vehicles 
would begin on a very small scale and gradually expand as public acceptance 
of the new technology Increases. Any problems with respect to production equip- 
ment, manpower skills, etc., could be expected to be solved as they have for 
hundreds of other new products that have been introduced Into the economy. 

Question 1J,. Please state your views on the current and future applicability 
of safety standards and regulations to electric aud hybrid vehicles. 

Answer. The typical electric car of today Is substantially underpowered for 
safe driving in existing traffic, particularly on high-speed freeways; and they 
present difficult problems of traffic safety when mixed with conventional cars 
and trucks. Those safety problems, however, may be much less severe when elec- 
tric vehicles are operated on low-speed residential streets, on "Speed paths" In 
planned communities or in exclusive low-speed traffic lanes. 

If electric vehicles and other relatively low-powered vehicles were to be re- 
stricted to certain low-speed traffic situations, consideration might be given to 
exempting them from certain safety standards applicable to high-speed vehicles. 
In this case, a study by the National Highway and Traffic Safety Administration 
as to selective exemption from safety standards for electric vehicles would be 
appropriate. 

Question IS. What institutional impediments do you see to the widespread in- 
troduction of electric vehicles? 

Answer. At this time, the institutional impediments to widespread introduc- 
tion of electric vehicles are far less significant than the technological and eco- 
nomic roadblocks that Impede their commercial development. 

If those technological problems could be overcome, then studies of traffic man- 
agement, traffic safety, electric generating capacity, availability of recharging 
stations and other problems or Impediments to convenient use of electric vehicles 
conld be conducted. 

Statement of James C. Holzwarth, Technical Director, General Motors 
Research Laboratories, General Motors Corporation to the Subcommittee 
on Energy Research, Development and Demonstration op the House Com- 
mittee on Science and Technology 

Mr. Chairman and members of the House Subcommittee on Energy Research, 
Development and Demonstration, I am James C. Holzwarth, technical director, 
General Motors Research Laboratories. With me today is Paul D. Agarwal, head 
of Research Laboratories' Electrical Engineering Department. We appreciate the 
opportunity to comment on H.R. 5470. 

As we move toward energy self-sufficiency, when resumably nearly all of our 
electric power will be derived from coat and/or nuclear sources, and large scale 
use of petroleum and natural gas by public utilities will no longer be needed, 
then the electric car may be an important contender In fulfilling our long-range 
transportation needs. 

We believe that governmental backing could foreshorten the time required for 
developing electric propulsion technology to the stage of commercial feasibility. 
Furthermore, the government needs to pave the way for electric vehicles through 
enabling legislation as well as administrative action if electrics are to be per- 
mitted to enter into an existing vehicle population. 
QM alternative power plant research and development 

For many years, General Motors has committed substantial resources to 
developing alternatives to the current automobile engine. We are committing 
substantial effort and resources to alternate fuel engines, small diesels, gas tur- 
bines, stratified charge engines and other. 11- " 1 Our total alternative power source 
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research and engineering expenditures for 1975 are expected to be about 50 mil- 
lion dollars. Tbese expenditures since 1967 are detailed In Attachment A. 

Our efforts also Include a great deal of work on propulsion systems with 
potential for the longer term future. Electric vehicles, of course, are in that 
category. At our Research Laboratories alone, about 30 people are working 
intensively on advanced propulsion batteries and fuel cells. We are carrying on 
basic research on electrode mechanisms and the electrode processes that lead to 
deterioration upon cycling. We are also carrying out research on materials for 
electrodes, separators and electrolytes, to minimize battery weight while achiev- 
ing adequate life. Others In our Electrical Engineering Department at the Gen- 
eral Motors Research Laboratories are looking at optimized electric drive 
systems, including traction motors, controls and electronics needed with these 
advanced batteries. 

General Motors is also concerning Itself with advanced battery design and 
manufacturing technology and with the projected costs for making tbese ad- 
vanced battery systems. Engineers at our Engineering Staff and at our Research 
Laboratories are carrying out analytical studies to determine the levels of bat- 
tery technology required before vehicles of various sizes, weights, ranges and per- 
formance capabilities can be considered. We feel that we will be prepared on the 
engineering and manufacturing details when advanced energy storage devices 
become feasible for production vehicles. 
OM electric car experience 

Over the past decade, we have built and tested a series of electric and hybrid 
vehicles using the most advanced state-of-the-art components, to develop and op- 
timize motor and control systems, and to gain actual operating experience. Char- 
acteristics of these cars are documented in Attachment B. 

We have also purchased or test driven electric vehicles manufactured by other 
companies. Even though we had high expectations with respect to these vehicles, 
the results frustratingly disappointing. 

One simple and Inexorable fact kept bringing us back to reality with every 
fresh look. Existing batteries, including the most energetic batteries commer- 
cially available, couldn't begin to do an effective Job of moving people In com- 
parison with gasoline. 

The best lead-acid batteries available today with appropriate cycle life for 
propulsion power in passenger electric cars deliver only 20-30 watt-hoars of 
electrical energy per kilogram, depending on the application. Although the peak 
efficiency from battery to wheels (motor, controls and drivellne) can be as high 
as 85%, it will be no greater than 60% in stop-and-go traffic in city driving. 
Therefore, the lead acid batteries deliver only 12 to 18 watt hours of energy per 
kilogram at the wheels. 

In contrast, gasoline has an energy density of 13,200 watt-hours per kilogram. 
Even if a conversion efficiency from the gas tank to tbe wheels for city driving, 
were assumed to be as low as 10%*, it would Still deliver 1,300 watt-hours per 
kilogram at the wheels or about two orders of magnitude greater than for the 
lead-acid batteries. Even the best batteries envisioned today, which may be 
commercially available in the period around 1990 to 2000, will have only a 6- to 
8-fold Improvement In energy density over lead acid. 

To place it In proper perspective, for the same work done at the wheels as by 
20 gallons of gasoline (58 kilograms) in an internal combustion engine vehicle, 
one would require about 5,000 kilograms of lead acid batteries or 600-700 kilo- 
grams of the best projected batteries. It becomes obvious why electric cars will 
continue to be much heavier than their Internal combustion engine counterparts 
designed for the same mission. 

Because of this battery limitation, electric vehicles are unable to match the 
performance and range of gasoline powered vehicles. Hiey suffer from greater 
weight, both the battery weight and necessary added vehicle structure, and this 
weight penalty demands more propulsion energy. In addition, the original cost 
is high, and, when amortization Is considered, tbe operating cost also Is high. 

We have learned a great deal from our research on electric vehicles. However, 
the typical electric car of today is substantially underpowered for sare driving 
in existing traffic situations. Because of this, the driver's natural inclination 
would be to drive it "full-throttle" to try to get up to the maximum vehicle speed 
capability, which is usually at or below urban thoroughfare traffic speed. And 

•Average tested efficiency (from (c 
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Federal Motor VebieJe Safety Standards. If they were redesigned lo conform tv> 
these standards, the added weight would farther degrade their performance, 
range and operating economy When vehicle weight is added to meet safety and 
or performance requirements, additional weight most be added to the chassis. 
d rivet rain, suspension and other components to maintain vehide performance 
and structural integrity. 

Have we given op on electric propulsion? Xo. indeed ! Bat for the present we 
feel that building more electric vehicles is a waste of resources. The real prob- 
lem — and really the only technological roadblock to electric personal transpor- 
tation — Is the battery system Itself. No technological breakthroughs are required 
for devising electric drive systems, motors, controls, choppers, inverters or other 
circuitry, although substantial engineering effort would be required to tailor 
these electrical components to in dividual vehldes. There are many ways available 
to design and build adequate hardware to fit specific vehicle needs. 

We are now concentrating our efforts on basic electrochemical research and on 
engineering development of advanced batteries. Zinc-nickel oxide, sodium-sulfur 
and lithium-sulfur currently offer at least some promise of providing a reason- 
able combination of specific power, specific energy, durability and cost for future 
electric vehicles. We have looked at other systems as well — lithium chlorine, jdnc- 
alr and zinc-chlorine, for example, and have considered these too costly or too 
Impractical, 

"Frnninss" or 5470 

Mr. Chairman, Section 2 of H.R. 5470, the "findings" which presumably form 
the basis for this proposed legislation, contains a number of statements which 
are Incomplete or inaccurate. Thus, they could provide erroneous conclusions 
about prevailing conditions and faulty assumptions on which to base legislative 
action. I would like to make some comments about these findings which, I hope, 
will contribute to a more balanced perspective of the role of battery-powered 
vehicles : 



"Travel patterns of commerdal and private vehicles In urban areas are 
weighted heavily toward short and predictable trips well within the capability 
of electric vehicles of current design ;" 

In a restricted transportation role, the battery -electric vehicle already had n 
place In our transportation system. It currently serves in golf carta, lift truck* 
and on-site people movers. Commercial urban delivery vehicles and buses for Ion' 
speed, short range service with frequent stops are available and seem to perform 
satisfactorily in this specialized use. Downtown shoppers, commuters and "er- 
randere" as well appear technically feasible today with lead-acid battery tech- 
nology. This Is not to say, however, that present travel patterns in urban arm* 
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are within the capability of electric vehicles of current design. It moat be remem- 
bered that when large nnmben of small personal transportation Teblcles are 
contemplated for use on streets as opposed to golf courses, factories and re- 
stricted commercial service, federal onto safety requirements would have to be 
met, and this will adversely affect their size, weight and cost There are many 
other unanswered questions about the safety hazards involved In agfai ng ex- 
tremely small, lightweight, low performance vehicles with today's convention*! 
can and tracks on urban streets and freeways. 

nxnixo ko. z 

"Oar balance of payments and onr economic stability are threatened by 
the need to import oil for the production of liquid fuel for gasoline -powered 
vehicles ;" 

Automobile)* account for only about 13% of total energy use, and leas than 
30% of petroleum use. In 1974, we consumed 1,370 million barrels of oil for nolo 
mobiles and 485 million barrels for electric power generation. We imported 2^M0 
million barrels. If all automobiles were to be removed from the streets, we wonld 
still need to import oil for other uses. If additional electric power required for 
charging the electric car batteries were to be generated from oil, rather than 
nuclear power or coal, any advantage in reducing oil imports would be substan- 
tially reduced. 

The question of converting a substantial portion of our transportation system 
to electric power cannot he answered In isolation from other energy policy con- 
siderations. Any appreciable impact on petroleum imports from Introducing elec- 
tric vehicles can be achieved only gradually and in the long-range future — if it 
Is found to be desirable as the nation's energy policies are defined. 

MS BIS (5 no. a 

"The shortage of fuel for gasoline-powered vehicles will continue indefinitely ;" 
It is inappropriate to single out gasoline-powered vehicles in this context so 
long as there are other uses of petroleum for which substitutes may be more 
readily available. This statement could just as plausibly be amended to read : 
'The shortage of fuel for gasoline-powered vehicles will continue indefinitely 
so long as major quantities of petroleum are used to generate electric power or 
for large industrial and commercial boiler fuel." The existence or continuation 
of any gasoline "shortage" involves considerations and definitions of present and 
future energy policy. 



"The strain on individuals' budgets inflicted by liquid fuel prices mandates 
the development of an alternative source of propulsion wherever possible;" 

This statement implies that the cost per mile of electric vehicle travel win be 
less than tbe cost per mile with gasoline. Our engineering studies indicate that 
this assumption may not be true. Because an electric vehicle is considerably 
heavier than its gasoline powered counterpart of equivalent performance, It re- 
quires about 40% more energy at the wheels. In addition, the cost to tbe con- 
sumer of energy in the form of electricity is much higher than the cost of energy 
as gasoline at current prices. Attachment C, Table I, for example, indicates that 
one million BTTJ's of electricity In the Detroit area in February, 1975, cost the 
consumer 1.88 times as much as one million BTU's in gasoline. 

However, the onboard energy conversion efficiency of electric vehicles is over 
twice (23x) that of gasoline powered vehicles. The net result is that the energy 
cost to tbe operator of a small electric shopper would be about 15% more 
than tbe cost of gasoline for a similar Internal combustion engined shopper 
(1.4X1-88/2.3=1.15). Attachment D explains these issues in more detail. 



"Stationary sources of pollutants are potentially easier to control than mov- 
ing vehicles, making it environmentally desirable for transportation systems 
to be powered from central sources ;" 

Electric utilities that burn fossil fuels do emit pollutants — both oxides of 
nitrogen and sulfur oxides. Coal burning power plants emit these two pollutants 
at much higher levels." According to EPA data," sulfur oxides on a pound for 
pound basis are considered more injurious to health than conventional auto 
emissions. 
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Thug, while control methodology may be easier to apply, actual ambient air 
quality standards would probably be more difficult to achieve it electric cars 
supplanted the existing fleet of cars. Attachment B shows a comparison of the 
grams per mile pollution from gasoline-powered cars meeting 1976 and 1978 
standards with electric cars using power from coal-burning power plants meet- 
ing EPA standards. On a health weighted equivalent basis, using the primary 
air quality standards established by EPA," the electric car would result in from 
2.3 to 12 times as much pollution in the air from power plants as from the ex- 
haust of the gasoline-powered car. Of course it must be recognised that auto- 
mobile exhaust Is emitted close to the ground and largely in urban areas, while 
the effect of emissions from electric power plants depends largely on their loca- 
tion with respect to urban areas. 

A report prepared by William Hamilton under contract to EPA, entitled "Im- 
pacts of Electric Car Use In St. Louis, Philadelphia, and Los Angeles," shows 
that an 80% electric car population in these cities in 1990 would have little effect 
in reducing hydrocarbon or CO levels, the principal automotive- related pollutants. 
Added electric power generation, however, would seriously Increase sulfur oxide 
levels. This report has been included with our statement as Attachment F. 

Imm ho. b 

"Electric-powered vehicles do not emit any significant pollutants and are far 
less noisy than conventional automobiles and trucks ;" 

While we do not now know of significant pollutants emitted by battery- 
powered vehicles, some of the batteries being considered for future applications 
use sulfur, chlorine, nickle, zinc, lithium cadmium, sodium and other substances 
which may be Introduced Into the environment The potential for environmental 
risk from these substances should not be dismissed. 

nNDiiio no. n 

"Because electric vehicles use little or no energy when stopped in urban traffic, 
they permit the conservation of energy currently wasted by conventional auto- 
mobiles and trucks ;" 

This statement is not incorrect ; but it Is, to some extent, misleading. Energy 
would be required for heating In cold weather, even when the vehicle is stopped 
at traffic lights and for vehicle lighting, signalling, defrosting and other essen- 
tial uses. These factors tend to reduce the miles that can be driven on a unit 
of fuel. It la appropriate, however, to compare the efficiency of electrics and 
conventional cars on an urban driving cycle. Comparisons in this testimony have 
been made on the basis of the EPA urban cycle in which 18% of the time is 
spent idling. 

finding no. iz 

"The power demands of electric vehicles would promote energy conservation 
by loading utilities In off-peak late night hours, permitting more efficient use 
of plant capacity;" 

Because electric cars are expected to continue to have limited range/perform- 
ance characteristics, they will be relegated to short-trip shopping and commuter 
use. Most errands of this type are carried out during daytime hours, and the 
tendency would be to put tbem "on charge" as soon as the mission is completed, 
to make sure the vehicle will be ready for the next demand. If they are to be 
used for commuting, charging probably will be accomplished during the working 
day. Thus, while »ome battery charging would be done at night during off-peak 
hours (possibly encouraged by changes in rate structures favoring off-peak use). 
a great deal of this additional load would be likely to come during daylight and 
"peak" hours. 

FIWDINQ NO. 13 

"The depressed state of the current automobile industry would be alleviated 
by the introduction of new technologies more closely matching consumer needs ;" 

This statement implies that technology exists today to provide electric powered 
vehicles that "more closely match consumer needs" than the vehicles presently 
available, and if those electric vehicles were made available, they would sell In 
large quantities. 

We believe electric vehicles may play an Increasing future role In our trans- 
portation system. But there Is no basis for the Implication that there Is an exlst- 
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ing market for electric can of such maKnitade as to alleviate "the depressed 
Mate of the current automobile industry." Considering the dynamic nature of 
the American economy, It is Inconceivable that if a substantial opportunity to 
market electric cars existed, it would long be overlooked by the automobile in- 
dustry or by other companies who could provide electric car entries. 
Commercial feasibility 

One stated purpose of H.B. 5470 is to "demonstrate the commercial feasibility 
of electric vehicles." Implicit in tbe term "commercial feasibility" is a demon- 
stration of tbe salability of the product. Does tbe product fulfill people's wants 
and needs so that they will buy it? Surely, government subsidies for private in- 
dividuals to encourage use of electric vehicles and government requirements 
that they be used by tbe Postal Service and tbe General Services Administration 
hardly demonstrate tbat they are desirable, salable products on their own merits. 
The role of the Federal Government fa electric propultion R. d D. 

General Motors does not believe that much can be gained at this time by sub- 
sidizing tbe sale of electric vehicle*. The capability of electric vehicles with 
state-of-the-art battery technology la well known. Until better batteries are de- 
veloped, those capabilities are not likely to be improved drastically. 

We believe the production, at this time, of a significant number of electric 
vehicles would : 

(a) Be costly and without real benefit ; 

(b) Be uninformatlve regarding the real problem — the batteries ; 

(c) Mix a low performance vehicle population with the current automotive 
population ; and 

(d) Not move us close to energy self-sufficiency in a reasonable time, since 
some petroleum conserved In the refining of less gasoline probably would merely 
be consumed In extra power plant generation, especially for peaking power. 

Tbe 352 electric vehicles currently being readied for the Postal Service should 
comprise an adequate sample to demonstrate capability and determine perform- 
ance. Presumably tbese new vehicles employ tbe latest in commercial battery 
technology and will provide a test lu service best suited to this type of vehicle. 

We question the need for the government to subsidize products for sale In a 
competitive market. Private industry is better equipped and sufficiently moti- 
vated to respond to that phase of the problem. There Is a role for government to 
play in supporting research and development on advanced battery and fuel cell 
technology where the real bottlenecks to commercial feasibility exist. 

Electrode processes, electrode catalysis, development of better battery material 
and improved cell durabtlty are areas which now represent critical bottlenecks 
in tbe industry's efforts on battery-powered cars. Government support of research 
In tbese areas would supplement rather than duplicate the efforts of industry 
and thus make real contributions to progress. 

The second area for useful government effort concerning the electric car is 
directed toward energy and traffic management considerations In which the 
government should and must carry the major responsibilities. Some of these 
Issues and value Judgments are beyond tbe appropriate role of business. 

It Is important to understand the social, economic and environmental Impact 
of electric vehicles on a nation where a shortage of electric power capacity Is 
threatened. Studies of urban traffic problems and tbe effects of added congestion 
resulting from slower electric vehicles mixing with other vehicles are both 
necessary and desirable. 

It would be advisable for Congress to have available a better understanding 
of a feasible and appropriate role for electric cars In the nation's energy policy 
before committing large amounts of public funds to promote widespread use of 
electric vehicles. When nuclear power and coal assume the dominant role in 
generating electrical power, then the electric car could begin to assume a more 
effective role In our nation's energy and transportation systems. 

As higher performance batteries with greater durability, power and energy 
storage capability at reasonable cost are developed, combined with increased 
electric power generation capacity based on nuclear power, battery-powered 
electric cars should become more competitive with alternates. When the eco- 
nomics of electric cars become more favorable, there will be no need for tbe 
expenditure of public funds to promote them. Our competitive system will ensure 
tbat the products are provided as the commercial opportunity develops. 
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Attach mk st G 
Table I. — Consumer energy oosti, Detroit area, February 1975 



'SI- IS 
'4.40 
•a26 



i Monthly service chuge at (3 per customer not Included. 

•At 50 csdU per gallon. 

1 Monthly service charge of $2.40 per coitomer not Included. 

TABLE II.-ELECTRIC UTILITIES 

GENERATION 8Y ENERGY SOURCE (PERCENT) 
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■ Monthly EMffy Rwltw FEA, hLvch 1975. 
> FPC Ntwi : Mir. 2J, 1975. 



Attachment D 
(Besearch Publication GMB-1798) 



(By David G. Sheridan, John J. Bash, William B. Kuslak, Jr.) 

ABSTRACT 

An analytic study was conducted to compare the efficiency of utilization of the 
earth's fossil energy resources (petroleum and coal) by battery-electric and gas- 
oline powered special-purpose vehicles. This report presents a brief overview 
of the study objectives, procedures and findings. 



SUMMABT 

Assuming coal is the prime energy source, the energy consumption of a lead- 
acid battery electric powered 2-passenger shopper vehicle ranges from 25 percent 
leas to about the same as that of a spark Ignition engine powered vehicle that 
has similar performance and carrying capacity. With petroleum as the prime 
source of energy, the same battery-electric powered vehicle consumes over 40 
percent to nearly 90 percent more than a conventionally powered vehicle over 
a prescribed driving cycle. Increases In desired range, performance or vehicle 
size beyond that of the shopper Increase the electric vehicle energy consumption 
with respect to the gasoline powered version. These conclusions are based on 
current level technology. Battery technology advances enabling nlckel-iinc cells 
to be utilized will Improve the energy consumption of the electric vehicle with 
re ct to the gasoline powered vehicle by as little as 10 percent In the 40 km 
raj 2-passenger shopper vehicle considered in this study and by as much as 40 
in the 120 km range, 4-passenger sedan. 
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DISCUSSION 

Introduction 

In order to convey the Important findings of an urban vehicle energy utilisa- 
tion study a brief overview of the objectives, procedures and findings has been 
prepared. An important aspect of this study Is the basic guidelines set down at 
Its onset. The more Important ones are listed below : 

1. Current technology supported by experimental data should be utilised to 
character-lie the vehicle-powertraln systems. 

2. The vehicles would be smaller and have substantially lower performance 
levels than those of conventional sub-compact cars. 

3. The performance levels and load carrying capacity of the gasoline powered 
and battery-electric powered vehicles should be Identical. 

4. Energy consumption and driving range should be determined for operation 
over an appropriate driving cycle. 

Vehicle definition 

Three special purpose vehicles were selected for the study. The curb masses 
listed below apply to the gasoline powered versions and are based on prototypes 
built for the General Motors Progress of Power Show of May I960. 
2 passenger shopper — 426 kg. 
2 passenger commuter —644 kg. 
4 passenger sedan — 817 kg. 

The mass of the electric powered versions was Increased to account for the 
batteries and the additional vehicle structure (compounding effect) required for 
their support Although these vehicles do not satisfy Motor Vehicle Safety Stand- 
ards, changes required to conform to these standards will result In similar mass 
Increases for both the electric and gasoline powered versions. 

The performance was determined assuming an additional mass (occupants 
and cargo) of 186 kg. for the shopper and commuter and 204 kg. for the sedan. 

The performance criteria established for each of the 3 vehicle types are listed 
In Table I. The performance of a Chevrolet Vega is shown for comparison. 

TABLE I.— VEHICLE PERFORMANCE CRITERIA 
Ciiltrla ■ SkopFM CommutH Salin Wfl 
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> Suburban. 

Engine size was selected to provide the maximum vehicle speed. A 3 or 4 speed 
synchromesh transmission was incorporated In both gasoline and battery powered 
vehicles to give the necessary torque multiplication for acceleration and grade 
performance. An electric motor could be designed to provide the desired level of 
vehicle performance at the expense of weight and efficiency. However available 
motor data dictated the use of the transmission. 
Powertrafn definition 

The electric motor performance was based on data obtained from a IS kW 
series-wound DC motor with a chopper control specially designed for vehicular 
application. The peak efficiency of this motor and controller was 78 percent Dur- 
ing the course of the study this performance was scaled from the 15 kW level to 
as low as 7 and as high as 45 kW. In addition, the effect of an increase in overall 
efficiency of 5 percent which could result from improvements to the electrical 
components was considered. 

The spark-ignition engine (SI) characteristics were based on the measured 
performance of a 4-eylinder 1.2 liter Opel engine. The maximum output of this 
engine Is about 42 kW. Its output was scaled at the same efficiency level, to as 
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low as TkW. Scaling to 21 kW or Half toe 4 cylinder Opel rating Is acceptable, as 
a 2 cylinder version would provide such performance. Scaling another 67 per- 
cent to 7 kW leaves room for considerable debate as to tbe validity of maintain- 
ing the same efficiency level. Therefore, the effect of a 20% increase in part-load 
fuel consumption was Investigated. 

The remaining portions of the powertrain Including synchromesh transmis- 
sion, rear axle, clutch, etc., were characterized on the basis of current, experi- 
mentally determined information. 

An essential consideration for any marketable automobile is the accessory 
requirements. A minimum load of 260 watts at a vehicle speed of 48 km/h to 
provide for lighting, ventilation and radio was estimated. Tbe addition of an 
auxiliary passenger heater would be necessary for the electric powered vehicle 
and quite possibly for the smallest gasoline powered versions, increasing the 
total accessory load an order of magnitude to 2500 watts. Optional air condition- 
ing would require about tbe same amount of power. However, for the purposes of 
this study the minimum accessory load (250 watts) was used. The electric ve- 
hicle accessories were assumed to be a constant load powered by the main 
battery pack. The gasoline powered vehicle accessories were belt driven In the 
conventional manner. 

The vehicle road load characteristics were determined using coefficients for 
wind resistance and rolling resistance determined experimentally for a Honda 
Civic. Vehicle frontal area was assumed to be 1.87 m for the shopper, and 1.88 
m* for the commuter and the small sedan. The assumption of identical frontal 
areas does not account for potentially larger values for the electric version due 
to the large battery volume required. However, the relatively low speed driving 
cycles being considered in the study Justify the assumption. 

A critical assumption for the electric vehicle is the amount of added mass re- 
quired to support the batteries. For the purposes of this study, two compounding 
factors were considered, SO percent and 30 percent. In other words, for every 
110 kg of battery required an additional 50 kg or 80 kg of structure must be 
added to the vehicle. 
Battery characterization 

The most important component in the electric vehicle system, the battery, Is 
also the most difficult to model. The primary study was carried out using- ex- 
perimentally determined energy-density and power-density characteristics for a 
Delco-Remy lead-add battery developed In the late 1960's for an electric vehicle 
prototype. 

The energy available from a battery is dependent on several factors: (1) the 
rate or rates at which It Is discharged, (2) its operating temperature and (3) age 
of the battery. The assumptions were made that the battery was new and ope- 
eratlng at 204 K (70 F). Also, it was assumed that the amount of energy In 
kilowatt hours (kW-h) available from the battery for driving cycle operation at 
various power levels was equal to the energy available from the battery if it 
had been drained only at the maximum level demanded by the motor. When the 
available energy was withdrawn, the next vehicle maneuver requiring maximum 
power would result in the battery terminal voltage dropping below a specified 
level. The distance travelled by the vehicle prior to this instant was defined aa 
its range. 

It Is recognized that assuming the quantity of energy available over a duty 
cycle that demands a range of power levels Is identical to the quantity available 
if It is drawn only at the maximum level of tbe cycle will reanlt in underesti- 
mates of range. However, parallel calculations using measured constant-current 
voltage-time characteristics to more accurately determine the energy availability 
produced range Increases of only 5 percent. It is also noteworthy that consider- 
able energy is left in the battery, I.e., 40 to 50 percent, at the point where 
vehicle range Is determined by the driving cycle performance demands. If the 
remaining energy Is withdrawn at reduced power levels more range is available. 

Another subject concerning the available range of lead-acid battery-powered 
vehicles Is charge recuperation. Left In the open circuit condition for several 
minutes, the charge level of a battery will rise. Driving; habits that result in Idle 
or stop time that Is substantially longer than driving time will result in range 
Increases If vehicle cold start effects do not become a significant counteracting 
Influence. The recuperative effects of such Idle periods were not considered In 
this study. 

Regenerative braking as a means of increasing vehicle range was not consid- 
ered in the study. Lead-acid batteries are not aptly suited for high charging 
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any charge leveL la other words, a charge-discharge e aVl cia j of 78 percent Ii 
typical of lead-add batteries. A charging-device effideney of 90 percent la antici- 
pated for home-type chargers. The overall charge-discharge effideney la thna 



The study was extended to Include nickel-sine batteries, currently the moat 
advanced batteries practically adaptable to vehicular application. Actual experi- 
mental performance was osed to model this type battery as well. Energy fl ' 

ties 1 to 3 times greater than that available from the high energy lead-add bat- 
tery characterise this particular nickd-sinc celL The same orerall charge- 
dlncharge ■*>■'— M y of 70 percent was nsed when determining the Tehlcnlar 
energy consumption. 
Rnertrv prodtctio* trad dUtrilmlkm 

To evaluate and compare the nrJllsstiou of the Earth's prime energy sonrcea 
by saaToUne and battery electric powered vehicles, the effideney of producing 
electrldty and gasoline from these prune sources mast be considered. Goal and 
petroleum are the only sources considered In this study even though nuclear fad 
is potentially the greatest soarce of oar future energy supply. The magnitude of 
the radioactive r ese rves needed for nudear power generation are not known and 
a comparison with the utilisation of coal or petroleum would be meaningless. 

The production and distribution eSdendes of gasoline available at a retail 
pump and electricity available from an AC outlet in the home, from coal and 
petroleum as prime sources are illustrated In Fig. 1. These efficiency levels are 
representative of present-day processes and operations. 
Vehicle energy *Ul4zatirm 

A summary of the energy utilisation study la presented In Figures 2 through B. 
Figure 2 shows electric- vehicle range In kilometers ss a function of msss on the 
appropriate vehicle driving cycle. Both lead-add snd niche! line batteries are 
considered. The range for each of the 8 vehicle types Is shown as a band. The 
top of the band represents a SO percent mass "compounding" effect, the bottom a 
90 percent effect No r ec up e r ative effects or operation at performance levels leas 
than those required by the driving erdes were considered, 

Equivalent prlmeaource energy consumption in terms of megaJovJes per kilo- 
meter of driving over the prescribed cycle Is plotted as s function of total vehicle 
mass In kilograms In Figures 3 snd 4. The data of Figure 3 assumes petroleum 
as the prime source, and Figure 4 is based on coal. Energy consumption of the 3 
battery-electrics are shown as bands, each Increasing with vehicle mass. The top 
of each band was determined for current electrical component efficiency data. 
The bottom of each band represents an overall efficiency improvement of 5 



From Figure 2, the vehicle mass corresponding to the desired range available 
from lead-add batteries was determined, i.e., 40 km for the shopper; 80 km for 
commuter and 120 km for the sedan. This vehicle mass "spread" (resulting from 
the different ■'compounding" assumptions) Is indicated in Figures 3 and 4 as a 
darkened parallelogram for each vehicle type. The maximum and minimum 
values defined by these small areas defines the variation in energy consumption 
of each vehicle type referred to the prime source of energy. The maximum value 
corresponds to current electrical component efficiency levels and a mass com- 
pounding factor of SO percent The minimum value represents a 5% Increase In 
electrical component efficiency and a 30% compounding factor. 

Also shows in Figures 3 and 4 are the equivalent energy consumptions deter- 
mined for the gasoline fueled, spark-ignition -engine versions of the three urban 
vehicles. These energy consumptions are shown aa vertical bands Illustrating a 
possible 20 percent decrease In operating efficiency from the level of the 1.2 liter 
engine used In the study to that of an engine with % to % that displacement 
Also spotted on these figures Is the energy consumption of three 1974 Chevrolet 
automobiles, i.e., an 8-cytlnder Impala, a 6-cylinder Nova and a 4-cylinder Vega. 
As a point of reference these values represent measured Suburban driving cycle 
fuel economies of 10.0, 14.0 and 20.3 miles per gallon. 
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In Table II below, a comparison is made of the energy consumption of lead- 
acid battery-electric and gasoline powered vehicles with the same cargo capacity 
and performance. The maximum ratios represent the assumption of a 00% mass 
compounding "factor" and currently available powertraln efficiency levels for the 
electric vehicle. Increasing the fuel consumption of the spark Ignition englued 
vehicles 20% to account for the small engine stse coupled with the 5 percent 
electrical component improvement and the lower mass compounding factor of 80 
percent for the electric vehicles results in the minimum ratios. 

TABLE II.- -ENERGY CONSUMPTION RATIO: LEAD-ACID IV/SI 
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Effect Of advanced battery application 

Assuming nickel-sine batteries can be used In place of the lead-acid type, the 
vehicle mass corresponding to the desired range Is considerably reduced as indi- 
cated by Figure 2. Extrapolating the equivalent energy consumption bands in 
Figure 8 to sufficiently low levels for each vehicle type, the effect of utilising 
these higher energy batteries was determined. These effects are shown In Table 
III below where the nlckel-dnc battery -electric vehicle energy consumption is 
compared with that of the spark ignition engine powered vehicle. 

TABLE III.— ENEMY CONSUMPTION RATIO: NICKEL-ZINC EV/SI 



ShuMf 1.65-1.28 .15- .Et 

CommStf _ - _ 1.71-1.36 M- .70 

SMlM IOJ-1.W 1.03- je 

In Figure S, a summary of the calculated energy consumption from both prime 
sources (coal and petroleum) for the three types of vehicles powered by elec- 
tricity or gasoline are shown. The ranges of energy consumption values reflect 
the variation of the mass "compounding'' effect and toe powertraln efficiency 
levels assumed In the study. 
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Attachment B 

POLLUTANT EMISSIONS Id GRAMS PER MILE OF TRAVEL IN LATE UN'S 
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I 1976-7S tmiition control lysttmi inoaM nMtUiilntlwitli wilMdtd fin). 

■Since the relative effect of the above pollutants on air quality differs widely, 
it is more meaningful to compare them on a health weighted equivalent basis 
using Primary Ambient Air Quality Standards established by EPA. The above 
data show that replacing an I.C. engine car by an electric car to transfer primary 
energy source from petroleum to coal would increase air pollution by a factor of 
2.8 In 1976 and almost twelve times In 1978. 

The electric car for which the above emissions were calculated matches the 
performance of a present-day compact automobile. Including air conditioning, 
and assumed that high energy density batteries 100 watt-hours per pound would 
be available. 

The emissions standard for coal fired plants would necessitate coal with 0.8% 
sulfur. Since the bulk of U.S. coal has over 2% sulfur, scrubbers which may add 
20-50% to the cost of an electric power plant would be required. 

Attachment F 

Impacts of Electric Cab Use in St. Louis, Philadelphia, and Los Angeles 

William Hamilton 

GENERAL RESEARCH CORPORATION 

In June of 1973, under contract to EPA, General Research Corporation under- 
took an eighteen month study of energy, environmental, and socioeconomic im- 
pacts of electric car use In the Los Angeles region. A second study, to be con- 
cluded In August, 1975, was begun a year later to analyze impacts In the St. Louis 
and Philadelphia regions. This discussion draws on both studies. 

Key characteristics of the three regions under study are shown in Chart 1. 
They differ markedly not only In size, as the chart shows, but also in their rela- 
tive dependence on coat, petroleum, and unclear power, on their meteorological 
conditions, and on their historical dependence on the automobile. For the future, 
however, baseline projections made in the electric car studies show Increasing 
similarity, especially in patterns of automobile use and growing dependence on 
nuclear electric power. Projected population growth rates for the three regions 
are roughly equal and are all under one percent per year. 



Chart 1 
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Electric cars characterized originally in the Los Angeles study were used as a 
basis for the St. Louis and Philadelphia Impact analyses. They utilised four 
representative battery technologies: high-performance lead-acid electric vehicle 
batteries, nickel-zinc alkaline batteries, zinc-chlorine batteries, and high-tempera- 
ture molten salt batteries. A computer program was developed to model battery 
discharge while meeting power requirements of electric cars for urban driving. 
The SAB Metropolitan Area Driving Cycle for electric cars was used In this 
program ; it calls for a stop each mile, an average speed of 24 mpfa, and an energy 
requirement per mile very near that of the Federal Driving Cycle. 

After a parametric analysis, the specific car ranges of Chart 2 were selected 
for the Impact analysis. The electric cars were efficient four- passenger snbcom- 
pacts with performance slightly below that of current low-performance conven- 
tional subcompacts ; they were capable of accelerating from to 40 mph in 10 
seconds, and of cruising on a freeway at 80 mph. At a constant 30 mph on a 
level road, car ranges would be over twice those shown for urban driving; In 
hilly terrain or near the end of battery life, however, they could be significantly 
less. 

Chart 2 

electric car characteristics 
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Characteristics of batteries used in the electric cars are shown in Chart 3. 
The lifetimes shown assume urban driving of about 30 ml/day. For the lead-acid 
battery, the projected range of lifetimes is based on current experience; the 
longer life projection is optimistic. For the nickel -zinc and zinc-chlorine batteries, 
the indicated lifetimes assume that developers' goals for lifetimes of 400 and 500 
deep discharges, respectively, will be achieved, and that life with partial dis- 
charges will be Increased in inverse proportion to discharge depth. For the 
lithium-sulfur battery, which must be maintained at a very high temperature, 
the Indicated lifetime range is assumed to be Independent of use. Cost and life 
characteristics for the zinc-chlorine and lithium -sulfur batteries are relatively 
uncertain, and the figures in Chart 3 are quite optimistic. 

Ohabt 3 

CAR BATTERY CHARACTERISTICS 



Weight (poi 
Avertible •[ 



ti»r|y, kilowitt-f.our pel pound IS 14 70 140 

>.«in efficiency (percent) 46 66 70 62 

Lifii(yuars) __ 1.3-3.4 5.9 7.3 S-S 

Cost, 1973 noll*rs 11,200 S4,SB0 WOO 1600 

The electric car ranges of Chart 2 were selected after a new analysis of Los 
Angeles travel data which had been collected In an extensive 1067 survey. Chart 
4 shows the resultant distribution of driving distances on the BUrvey day for 
drivers with ears exclusively available to them, and for drivers sharing a single 
car. In all three regions, high auto ownership rates are projected so most drivers 
will have cars exclusively available. Furthermore, dally annual auto usages in 
the three regions are approximately equal, and are increasing rather slowly. 
Chart 4 reveals that the cars of Chart 2 with 145-mile range would be inadequate 
on only 2% of urban driving days. The car with 54-mile range, however, would 
be inadequate on about 1 driving day out of 6, a frequency considered unaccept- 
able. As a secondary car In a two-car household, however, where longer trips 
were accomplished by the primary car, 54-mlte range could be adequate on over 
07% of driving days. Roughly one out of sis cars will be in this category by 1080. 
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Cham 4 

DISTRIBUTION OF SURVEY DRIVER TRAVEL 
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The energy use of electric and conventional cars is projected and compared 
in Chart 5. Here the electric cars are those described in Chart 2. Their energy 
use per mile is expressed In terms of heat energy required to operate the electric 
power station providing recharge power. Average generation efficiency of 80% 
and distribution efficiency of 92% are assumed. 

The energy use of the average ICE car in Chart 5 improves substantially In the 
future, partly because of a projected continuing shift to smaller cars, partly 
because of a projected improvement in efficiency of energy use for each size 
class of car. These projections are, In the longer term, compatible with Federal 
legislation under development In 1973-74 and with the DOT-EPA report to Con- 
gress on automotive energy consumption. 



)y Google 



279 

Chjlbt 6 

khmutm ductus 



EUCIKtH 

nun 



1 

E mm ■ 
S 

2 




KM 

Despite tbe major improvement In Chart B projected for the overage ICB car, 
the electric can would require leas energy per mile. This comparison, however, is 
not entirely fair, because the average ICB car is both larger and more powerful 
than the electric subcompact of Chart 1. Accordingly, Chart 6 also shows pro- 
jected energy use for ICE snbcompacts comparable in slie to the electric cars, 
both with performance typical of current US subcompscts and with low per- 
formance like that of the electric cars. In comparison with these aubcompacts, 
the electric cars use considerably more energy. This is largely attributable to 
their much greater weight. The lead-add battery car, for example, weighs over 
60% more than the typical subcompact, and requires additional energy per mile 
In almost the same proportion. 

In Los Angeles, where a very mild climate prevails, waste heat from the 
electric motor and controller Is sufficient for winter temperature control and 
air conditioning la not essential in the summertime. In St Louis and Philadel- 
phia, however, which are both colder In winter and hotter In summer than Los 
Angeles, both supplementary winter heating and summer air conditioning are 
necessary- Additional energy requirements estimated for this purpose are shown 
In Chart 6 as a percentage of the recharge energy required for average dally 
driving of thirty miles. Supplemental heating In the peak month, January, in- 
creases energy use over that for propulsion alone by ten to thirteen percent 
depending on battery type In the electric car. Over the full year, average extra 
energy use for heating would be much less, of coarse. To minimize withdrawal 
of energy from the propulsion battery, pre-heating of the electric car directly 
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from the power line before Its dally usage begins la desirable. Estimated pre- 
heat requirements are accordingly included In Cbart 6. 

Air conditioning requirements estimated In Chart 6 assume a 2.3 kW cooling 
capacity, adequate for maintaining interior comfort in ambient temperatures 
over 100* V. Peak-month utilisation would be higher in St. Louis than Philadel- 
phia owing to substantially higher average dally maxim am temperatures. Over 
the full year, average cooling energy requirements are estimated to be on the 
order of those for supplemental heating and pre heating. 

Chast6 
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After allowance for the minority of electric cars which would probably not be 
equipped with air conditioners, plus a reduction lu preheating requirements for 
electric cars parked overnight in garages rather than outdoors, average overall 
energy requirements for temperature control are estimated at six to ten percent 
of recharge energy for propulsion alone. 

Under maximum beating or maximum cooling requirements, electric car range 
would be reduced by about sixteen percent for all battery types. Since mn-rimnm 
ranges are much greater than driving requirements for most days, as shown In 
Chart 4, the overall result would be that drivers would have to choose between 
comfort and driving range on only a few percent of driving days. 

Growth In per capita electric power demand was projected at 4"6% per year 
for all three regions, a conservative rate relative to past experience. Hourly 
demand profiles were Individually forecast for the regions for representative 
days during the full year, and then matched with forecasts of projected supply 
by energy sources. A typical result Is shown In Ohart 7. 

Chart 7 shows the level of load, as a percent of the annual peak, which Is 
exceeded during different fractions of the year. The lower curve on the chart la 
the baseline forecast for the case of zero electric car use. Also shown are the 
effects of recharging electric cars when they are used to replace 20% and 80% 
of conventional cars In the region. As Chart 7 shows, nuclear power stations are 
planned to meet the base load In St. Louis In 1990. They would operate whether 
or not electric cars were being recharged. The next cheapest source, coal, would 
be used to meet most of the variations In demand level, and consequently would 
supply most of the recharge power for electric cars. A relatively small portion of 
annual electric energy supply, required only during peak periods, would be met 
from a number of other sources, including hydroelectric plants, pumped storage, 
oil-fired steam plants, combustion turbines, and purchases from other regions. 
Only the last three of tbese power sources Involve petroleum fuels. As the chart 
shows, even at 80% electric car use almost no recharge energy would be required 
from these sources. Similar charts for Philadelphia and Los Angeles would show 
Increasing reliance In both regions on petroleum, with the result that electric 
car use would be much more dependent on petroleum fuel. 
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Chart shows projected regional emissions of air pollutants In 1090 aa a per- 
centage of annual emissions in the early 7<Vs. In these reference years, all three 
stud; regions exceeded air quality standards (or oxidant concentrations, largely 
aa a consequence of high hydrocarbon (HO) emissions, and also exceeded carbon 
monoxide standards. Automotive emissions were major factors In both these 
pollution problems. Sox levels also exceeded air quality standards ; here electric 
power plant emissions were the major factor, with autos contributing very little. 
In the projections of Chart 9, future emission from stationary sources were 
assumed to comply with local regulations, which in turn generally follow Federal 
regulations. For vehicular sources, emissions in St. Louis and Philadelphia were 
assumed to comply with the delayed schedule of emission standards under the 
Clean Air Act of 1970 recently proposed to the Congress by EPA. These changes 
would delay Imposition of the most stringent emissions levels from 1977 to 1962. 
In the Los Angeles projections, however, this delay was not assumed. It appears 
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In the 1900 baseline projection of Chut 9, there an substantial ndoetlona Id 
air pollutant tnUcni even tat the absence of electric can. Tor Loa ftiHurtrsj. 
where no delay in sli Intent vehicular esaksrions control is assumed, the baaeUne 
changes In HC and CO are particularly dramatic. Additional projected reduc- 
tion* in Chart 9 doe to tot high usage of electric care appear relatively modest 
in comparison. Because of the recharge power generation, SO. emiattloua will be 
Increased orer the baseline by electric car use in all three regions. Dae of stack 
gas scrubbers, which are not now implicit In the baseline projection, may make 
possible a major redaction in the level of BO. emissions, both with and without 
electric cars. 

For Los Angeles, the emissions redactions in the baseline projection of Chart 
9 will dramatically Improve air quality, but not quite to the stringent Federal 
standards. The additional modest changes due to electric car use will not make 
the difference between compliance and non-compliance. Air quality projections 
based on the emissions projections of Chart 9 hare not yet been completed for 
St. Lords and Philadelphia. 

Chabt 10 
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Comparative costs for i-onventional and electric cars are shown In Chart 10, 
Overall, as the bottom line shows, the nearer-term electric cars are expected to 
be much more expensive than their conventional counterparts, primarily because 
of battery depreciation. The range shown for the lead-add electric car results 
from the range of possible battery lifetimes in Chart 2. Vehicle life Is assumed to 
be 100,000 miles for tbe conventional subcompact and 120,000 miles for the electric 
cars. Fuel costs are forty cents per gallon for gasoline (not Including tax) and 
8.6 cents per kW for electricity. Costs in Chart 10 are averages for the three 
regions ; the variation from region to region in total cost is less than a cent per 
mile. Costs of temperature control are not included ; they range from .5 to IX) 
cents per mile for the electric cars. Despite the advantages of electric cars In 
reduced maintenance and pollution control, they are unlikely to approach the 
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until battery development drastically 



Chabt 11 
EMPLOYMENT IMMCTS-100 PERCENT ELECTRIC CAR USE 1990 



Impacts on employment of 100% usage of electric ears are shown in Chart 11. 
Depending on tbe type of electric car in use, they range from to a little over 
1%. Since these impacts would appear gradually over the considerable period of 
fears required to build up substantial electric car usage, and In any case are 
much less than the average regional levels of unemployment, they must be con- 
sidered small. Impacts in Philadelphia are generally less than in St. Louis and 
Los Angeles because most eliminated jobs are In gasoline filling stations, and 
Philadelphia 1ms historically had fewer employees per automobile in these 
stations. 

In summary, it may be concluded that the applicability of electric cars to turban 
driving is surprisingly high, even with lead-acid batteries. Potential energy 
savings due to electric car use are not large, but petroleum savings In 1990 and 
2000 can be Important where coal-fired and nuclear power plants provide re- 
charge power. Air quality improvements due to electric car use are likely to be 
relatively modest owing to the major improvements In progress for conventional 
automobiles. Until battery depreciation costs are substantially reduced by 
advancing technology, electric cars will be at a substantial cost disadvantage 
relative to conventional subcompacts. Effects of electric car use on regional 
employment will be minor. 

AM Genkbal CoRPOBATioir, 
Wayne, Mich., October It, 1075. 
Hon. Frank E. Moss, 

Chairman, Subcommittee for Consumer* Committee on Commerce, V.8. Senate, 
Washington, D.C. 

Deab Sbnatob Moss : I have been asked by Mr. Boy D. Ohapin, Jr. to respond 
to your letter and questionnaire requesting comments on 8. 1632. Our company 
is now producing electric vehicles, so we are very much interested In 8. 1682 
and appreciate the opportunity to comment. 

There can be little doubt that we must find a suitable alternate source of 
power for Internal eombustlon engine vehicles as soon as possible. Hie battery 
driven electric vehicle seems to give the greatest promise of providing an early 
solution. 

In prior times we might have been able to leave the development of a replace- 
ment power source to natural market forces. The complexity of our present-day 
society and our great dependence on the automobile now make it Imperative that 
we find the solution more quickly, which only can be done by the combined 
efforts of the federal government and Industry. 

We believe that the demonstration program can be effective with current state- 
of-the-art vehicles If they are placed In fleet operations whose operating profile 
is matched by the present-day vehicle's capability- For example, tbe Postal 
Service's route delivery vehicle requirement can be met within the 35 miles per 
hoar, 80 mile range and 800 starts and stops capability of the electric vehicle 
we presently are producing. 

Results of the demonstration phase might be more conclusive if delayed pend- 
ing further development and Improvement of electric power systems, and there 
are many who will support that position. It is our conviction, however, that the 
economic and ecological pressures are such that we must test the feasibility of 
electric vehicles in various roles In the marketplace concurrently with an all-out 
effort to develop lower cost, higher efficiency electric power systems. 
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We, therefore, (Irmly support legislation to promote simultaneous research, 
development and demonstration of electric vehicles. 
Sincerely, 

Cbusk W. Mobs. 
Enclosure. 

Question No. 1. What changes or additions would yon make to S. 1682 or H.R. 
8800? 

II R. 8800 would establish the following time table for implementation of the 
electric vehicle demonstration program : 

(o) Purchate number 1. — Wltbfn one year of enactment contracts would be 
entered into for the purchase of "a reasonable number of electric vehicles for 
evaluation tests and Initial ln-use demonstration." 

(6) Initial performance standard*. — Within one year of enactment, HHDA 
would develop initial performance standards and criteria for purchase number 2. 

(c) Purchase number t. — Within 10 months of enactment contracts would be 
entered Into for the purchase of at least 2,500 electric vehicles meeting the cri- 
teria developed in (b). 

(d) Operation and evaluation of vehicles obtained under purchase number 2. 

(e) Revised performance standards/purchase number 3. — Within 42 months 
after enactment ERDA would develop revised standards and criteria, and pur- 
chase at least 0,000 electric or hybrid vehicles exhibiting advanced performance 
characteristics. 

(f) Operation and evaluation of vehicles obtained under purchase number 3. 
Answer. We believe that 8. 1632 In its present form provides the necessary 

elements of a productive program. The time allowed for the Individual phases 
appears to be ambitions, but we think It needs to be. The schedule set forth must 
be adhered to and pressure must be kept on the administrators to insure that the 
program adheres as nearly as possible to the established schedule. 

Question No. I. What specific benefits do you see arising from such a demon- 
stration program? 

Answer. The principal benefits we see arising from such a demonstration pro- 
gram are: 

(a) More rapid advance In "the state-of-the-art" resulting from concentrated 
research and development activity. 

(6) An early evaluation of the capability of electric vehicles to meet the re- 
quirements of real world users. 

(o) The feed back of this Information Into the research and development 
program. 

(d) The introduction of electric vehicles with their lower performance charac- 
teristics Into urban traffic patterns and the resultant analysis of the problems 
arising therefrom. 

Question No. S. Some electric vehicle proponents raise the concern that "pre- 
mature" demonstration might lead to a negative public perception of electric 
vehicle potential due to alleged limited cost and performance characteristics of 
existing electric vehicles. Do you agree or disagree that this danger exists? If you 
agree, how might the demonstration program be restructured to avoid this prob- 
lem? If you disagree, please Indicate why. 

Answer. There may well be some negative public perception of electric vehicle 
potential resulting from a demonstration program conducted with current state- 
of-the-art vehicles. There is no Information available to us that Indicates that 
electric vehicles are at any time likely to equal the Internal combustion engine 
vehicles in performance. It becomes necessary, therefore, to begin educating the 
public to accept a lower performance vehicle. This will require a substantial 
public relations effort in connection with the demonstration program. 

Although there are those who will contend that the demonstration program 
should be delayed, we believe that the rather limited increase In vehicle top 
speed and range that can be anticipated in the next several years will have rela- 
tively little bearing on public acceptance. Once again, It seems to us that we are 
going to have to learn to accept lower levels of performance If we are to en]oy 
the advantages offered by electric vehicles. 

Qumtion No. i- Is one year a sufficient time in which to purchase and eval- 
uate a baseline electric vehicle fleet of 200 to BOO vehicles, and develop perform- 
ance criteria for purchase number 2? If not, what time frames would you suggest? 

Answer. One year is a minimal amount of time in which to purchase and 
evaluate a baseline electric vehicle fleet dnd develop performance criteria for 
later purchases. Rather than suggest extended time frames, we would urge that 
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T»"<"' attention be given to maintaining the established time frames even If In 
the final analysis the; are forced to slip a ML 

Question No. 5. Are the time schedule* for purchases number 2 and 3 appro- 
priate? Please explain. 

Answer. Similar to the Initial purchase, the time allowed for purchases of 
number 2 and number S Is extremely tight considering all that must be accom- 
plished, but we would not suggest an; extension. 

Question No. 8. What, In four opinion, will be the state-of-the-art In electric 
and hybrid vehicles within 42 months of enactment of H.R. 8800, assuming enact- 
ment during 1975? What government policies would contribute most to com- 
mercialisation of electric and hybrid vehicles ? 

Answer. From the information available to us, we have reached the conclusion 
that well designed electric vehicles should be capable of reaching maximum 
service speeds of SO to 60 miles an hour with related improvements in accelera- 
tion, and a range of approximately 200 miles within the next three or four years. 

We believe that a substantial degree of government assistance will be needed 
to support the commercialization at electric and hybrid vehicles. This can be ac- 
complished in a number of ways : 

(a) By making the maximum possible use of electric and hybrid vehicles In 
government fleets. 

(b) By providing preferential subsidies for purchase of electric and hybrid 
vehicles by state and local governments. 

(c) By providing preferential subsidies, attractive leasing plans, low Interest 
loans or preferential tax treatment for privately owned electric and hybrid 

Question Ho. 7. In addition to battery research, where should a federal R&D 
program on electric and hybrid vehicles focus its efforts? How much funding 
should be provided for battery research and these other efforts during the next 
5 years? 

Answer. In addition to battery research and the demonstration program, it will 
be necessary to design new vehicles to accept the new propulsion systems which 
will provide optimum performance and safety. We are not In the battery busi- 
ness so do not feel qualified to estimate funding required for battery research. 
We urge, however, that funds be provided to support an all-out effort 

The present volume of the electric vehicle commercial market, and even the 
quantities contemplated in the demonstration program, are not sufficient to gen- 
erate substantial private Investment. It, therefore, appears to us that S. 1682, or 
some other program, should provide government funds for vehicle design and 
development. We estimate that the design and development of any individual 
electric vehicle would require an Investment In the neighborhood of $5 million. 

Question No. 8. Are there other vehicle technologies that offer comparable 
reduction In petroleum consumption and reduction of environmental impact to 
that of electric and hybrid vehicles? If so, Is the special emphasis given to elec- 
tric and hybrid vehicles In S. 1632 and H.B. 8800 justified? Please explain. 

Answer. Although a great deal of research has been conducted In other ve- 
hicle propulsion systems, such as turbines, steam engines and the like, the elec- 
tric and hybrid vehicles appear to offer the most viable alternate power source. 
We believe the special emphasis given to electric and hybrid vehicles In S. 1032 
and H.B. 8800 Is fully justified. 

Question No. P. How can an adequate manufacturing base and adequate com- 
petition be assured In electric vehicle production? Do S. 1632 and H.B. 8800 ade- 
quately address these needs? What changes or new provisions might be useful 
in this regard. If any ? 

Answer. If the program contemplated in S. 1632 and H.B. 8800 establishes the 
fact that there is a volume market for electric vehicles, we believe we can rely 
on the response of our free economy to a demonstrated need to provide an ade- 
quate manufacturing base and adequate competition. This probably would not 
occur for many years without the catalytic effect of S. 1632 and H.B. 8800. 

While it is clear that government support and leadership is necessary at the 
outset because of the urgency generated by the economic and environmental 
pressures, it is reasonable to expect that the products needed to fill an established 
requirement will be provided by the private sector. 

The possibility can be foreseen that at some point preferential government 
capital loans might be helpful in establishing a private sector production bane. 

Question No. 10. What infrastructure (for example, public or private recharg- 
ing stations, maintenance and service faculties, etc.) must be developed to sup- 
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port the demonstration program called for in S. 1092 and H.R. 8800? What prob- 
lems might be anticipated In establishing such an infra nti ttttui e ? 

Answer. The recharging stations, maintenance and serrice fadUtSes required 
to snpport the dcsuoustiatluM program will hare to simulate the complete vehicle 
support provided for traits sold commercially. The location of these facffittea will 
be dependent on bow the demonstration vehicles are deployed. This ptwatsBi ttmj 
be somewhat alleviated if the Initial vehicles are used by fleet operators: (which 
seems likely) who traditionally provide their own service and lnslatt— n>.t 
facilities. 

It will be important to the ultimate success of the program that the. operators 
do have access to completely adequate facilities. The most important psntlims 
In establishing sn infrastructure will be training people to service the vehicles 
and to provide incentive for the establishment of adequate servicing organi- 
sations. 

These are problems common to the automotive industry, the solution to which 
relates directly to profitability. 

Question No. 11. What are the performance characteristics of current tech- 
nology electric vehicles? What improvements In lead-acid battery technology do 
yon foresee in the next 5 and 10 year periods? What are the implication*! of 
these Improvements for the performance characteristics and purchase and life- 
cycle costs of electric vehicles? 

Answer. The principal peculiar performance characteristics of electric vehicles 
may be defined as maximum speed, acceleration, operating range and the number 
of starts and stops to be included within the range. Bach of these characteristics 
is variable and because the vehicle has a definitive and exhaustible energy 
supply, variation In the numerical value of any one characteristic causes a 
compensatory variation in one or more of the other characteristics. 

Current technology electric vehicles have speeds ranging as high as 40 to 60 
miles per hour and maximum ranges up to 50 to 60 miles. There may be claims 
of higher performance values in Individual instances, but they must be equated 
In the light of the variable relationship of one to the other. 

We believe tbat a 50 to 100 percent Increase in available energy from a given 
battery weight can be anticipated within the next 5 to 10 years. It is our opinion 
that with adequate funding and top quality talent the battery picture can be 
Improved substantially In a relatively short period of time. 

Battery Improvements, either in increased storage capacity, reduction In 
weight or reduction In cost, all will have a favorable effect on the purchase and 
life-cycle costs of electric vehicles. It follows that Improved performance at 
lower cost will make electric vehicles more competitive with Internal combustion 
engine vehicles. When It becomes apparent that electric vehicles can compete on 
more even terms, we can expect the economic forces in the private sector to 
begin Impacting electric vehicle market growth. 

Question No. It. In your opinion, what other batteries show promise of future 
use In electric vehicles, and on what time tables? What performance charac- 
teristics and costs will be associated with the use of these other batteries? 

Answer. There are nickel-Iron and nickel-zinc batteries presently under devel- 
opment which are expected to be available within the next two to three years. 
The nickel-zinc appears to be the most promising. It is expected to provide ap- 
proximately three times the available energy of the present lead add battery on 
the basis of weight It is projected that per unit of energy cost will be somewhat 
lower than at present. 

There are some more exotic new batteries under development such as the sine 
chlorine, lithium-sulfur and sodium-sulfur that appear to offer significant Im- 
provements In energy and power density. There Is, however, much development 
work yet needed. 

Funding provided through S. 1682 would significantly accelerate these battery 
developments, in our opinion. 

Question No. 13. What problems or constraints might arise in large scale manu- 
facture of electric cars with respect to production equipment and manpower 
skills? What problems might be anticipated by electric vehicle manufacturers In 
the areas of materials or capital a vafl ability ? 

Answer. We do not foresee any unusual problems or constraints associated 
with large scale manufacture of electric vehicles. Problems with respect to mate- 
rials, manpower skills or capital would not be substantially different than for 
any other Industry. 
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Question No. H. Please state your views on the current and future applica- 
bility of safety standards and regulations to electric and hybrid vehicles. 

Answer. We believe that future electric and hybrid vehicles should conform 
to those safety standards and regulations appropriate to that type of vehicle. 
There are certain speed, tire, equipment and other standards and regulations 
established for Internal combustion engine vehicles which must be reviewed and 
altered as necessary so that electric vehicles will not be unreasonably ruled non- 
compliant. 

Question No. IS. What steps might the federal government take to facilitate 
Introduction of demonstration electric and hybrid vehicles Into state and local 
government Beets? 

Answer. The federal government can facilitate introduction of demonstration 
electric and hybrid vehicles Into state and local government fleets in a number 
of ways: 

(o) Through subsidies or financing arrangements. 

(B) Through clear-cut persuasive presentation of the economic and environ- 
mental advantages of electric vehicles ; 

(o) By the example of Including electric and hybrid vehicles in federal gov- 
ernment fleets. 

Question No. 16. What Institutional Impediments do you see to the widespread 
introduction of electric vehicles? 

Answer. We think that the moat serious Impediment to the widespread intro- 
duction of electric vehicles will be the lack of performance by comparison with 
internal combustion engine vehicles and the Initial high cost of the electric 
vehicle. 

It is difficult to foresee the electric and hybrid vehicle ever fully equaling the 
T.C.E. vehicle In performance. To the extent that it does not, it will have a some- 
what limited market. Depending on the niche that it finds In the market, it may 
well have the effect of changing life styles. For example, one car families who 
become owners of electric vehicles may well be forced Into greater use of public 
transportation. Families with two or more cars who own an electric vehicle may 
find the overall use of their fleet less flexible. 

Provisions will have to be made for acceptance of electric vehicles In traffic 
patterns because of their lower acceleration and lower top speed. 

We believe that capable government leadership, expressed Initially through 
8. 1882 and H.R. 8800, can and will solve the change over in modes of transporta- 
tion required by our changing economy and protection of the environment 



Eaoli-Picher Industries, Inc., 

JopJin, Mo., October $3, 1875. 
Hon. Frank E. Moss, 
Chairman, Subcommittee for Consumer*, Committee on Commerce, U.S. Senate, 

Woihington, D.O. 
Subject: 8-1632, Electric Vehicle Research, Development and Demonstration Act 

of 107B 

Dear Senator Moss : These comments are based on our knowledge and experi- 
ence in the advanced battery technology field. Eagle-Plcher manufactures many 
different battery types, several of which are being directed to electric vehicle 
propulsion. 

For example, we are presently conducting development or investigative pro- 
grams In such systems as advanced lead add, nlckel-lron, nlckel-slnc, nickel- 
hydrogen, sine-air, Iron-air, lithium-sulfur, and sodium-sulfur batteries. In addi- 
tion, Eagle-Plcher has over 26 years of experience In many other electrochemical 
vehicle applications by virtue of : (1) our design and development of seven ex- 
activated and thermal battery types. Eagle-Plcher is also experienced in electric 
vehicle applications by virtue of: (1) our design and development of seven ex- 
perimental or test vehicles, and (2) the manufacture of several hundred multi- 
purpose personal electric vehicles. 

Eagle-Plcher heartily supports this Electric Vehicle Demonstration Act but we 
wish to submit the following comments for your consideration : 

1. The present state of development of batteries limits the performance of 
electric vehicles as lead-acid batteries are the only type presently available; 

2. Driving range will be limited because of the unavailability of advanced 
batteries In a production configuration ; 
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3. Praamrxiaaaf a 

j. The bust Banker uf vehide* t— Mad in ibe Drat IS n 
nfldau funding avnilalJe tar near-urn applied research ■ 
batteries, an ana dear]? identified u eaaential for electric vehicle * 

5- With specific reference n. HJL §800. there ia sufficient time to incor- 
porate the performance ataadarda, Section 7(b('ll, and tike safety standard^ 
and regnlafitms. Section »(di. ia the ?-50D electric rehidea. Section 7(a)(2) to 
be aaaai cosmnnctn within fiPnan mouths. 

Therefore, we recommend that the number of electric vehicles in the first two 
jean be redaced to a maximum of 500. Trdf number of vehicles would establish 
the current ETV atate of the art. aceaanlaUr statistical data, support small elec- 
tric reside awondactarfn. and by analysis of public reaction to these vehicles, 
determine arena to be improved in the subsequent derdopment of vehicles for 
the latter aaaaai of the pragzam. 

We farther irrnm trend that lni naanT — f a »»- t * be placed on development of 
advanced batteriec using technology available in the near term, BfrMJns jIaa of 
sneb ijuliaia are adranced lead-acid. nickel -Iron, and nicnel-sinc. Current lead- 
add batterlea hare a realistic Hfe limit of apnroximatelj one rear with continual 
one and provide a — "-"— reside ranee of 20 50 miles. Using known ted) 
oology adraacea and applying them directly to the electric Tetaide application 
would extend life to three rears and ranee to approximately 75 miles. These 
developments conld be accomplisbed ia two to three rears. It la also possible in 
2-3 rears to advance nickel-ireu and nickel-tine batteries to provide eren longer 
life and vebide ranees of 100-200 miles. The following table summarises these 



e development timing •thednle for these adranced 
i with the procurement schednle for the 5,000 tl et til c 
vebides. Alao. this additional time would allow development of new concepts 
for electric Tehides. Added emphasis could be riven to minimising weight and 
roiling and air resistance, improving electrical efficiency and Btartmlatag safety. 
We would like to streas that every user application requires a untqwe batterv 
design and electric vehicles are no different. In our advanced, special purpose 
battery design and development experience, we bar* witnessed treowndonm ad- 
vances in buttery technology when specific problems or problem areas bare been 
identified and adequate resources have been made available for problem solving 
The apace program is one example of what can be accomplished given a goal 
and adequate interest or sponsorship. Eagie-Ptcher firmly believes that the neces- 
sary battery, controller, drive, and charge systems for electric vehicles can be 
developed in 3 to 5 years if people become committed to that goal. 

Should you desire specific technical Information, we will gladly meet with 
members of your staff at their convenience. Please have them contact either 
Earl Carr or the undersigned for specific arrangement* or additional informa- 
tion. 

Very truly yours, 

R, M. Slows, If snager. 
Planning sad Yew Product Detvlonmeat, 
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C*i«f*m Ooimutbi, 
Buffalo, N.T^ Vovemter 5, 1975. 

Mr. Aujii B. Hmnuv, 

«•«" Soten«tef, [7-8. Senate, Committee on Commerce, Dirfen Senate Ojfre 
Building, Washington, D.C. 

D m Mb. Homux: Calspan Corporation (formerly Cornell Aeronautical 
Laboratory) baa been engaged In automotive research and development since 
1947. Daring this period oar work has focused mainly on vehicle control and 
crash safety. The research programs have dealt, for the most part, with con- 
ventional automobile technology (Internal combustion power vehicles) . We iiave, 
however, performed some limited research with electric vehicles both from the 
standpoint of the vehicle mission performance and crash impact characteristics. 

Most recently, under contract with the D.S. Department of Transportation, 
National Highway Traffic Safety Administration, we are engaged In Phase II of 
the Research Safety Vehicle (RSV) project. Under Phase I of the RSV project 
(completed In April 1975), we examined factors expected to influence U.S. auto- 
mobile transportation between now and the end of the century. It is mainly as a 
result of this background that we offer comments relative to S. 1632 and H.R. 
8800. 

We have reviewed the questions recently submitted to us. Many of these cover 
areas not directly Involved with our previous experience. We do provide our 
comments relative to certain specific areas. 
Objective of the legislation 

We note that the intent of H.R. 8800 is "to authorise In the energy Research 
and Development Administration a Federal program of research, development, 
and demonstration designed to promote electric technologies and to demonstrate 
the commercial feasibility of electric vehicles." 

Certainly the promotion of electric vehicle technology is necessary In our 
economy. Our studies clearly Indicated that alternatives to petroleum powered 
vehicles must be developed In the next 20 years. The Intent here should be to 
Insure that such an alternative is intensively Investigated within the next several 
years. Thus, we strongly support this aspect of the legislation. 

On the other hand, the legislation suggests that electric vehicles are at present 
"commercially feasible." We doubt that such Is the case in the context of our 
present economy. Indeed, if there exists areas where electric vehicles are com- 
petitive with conventional automotive technology, these applications sre ex- 
tremely small In relation to the total current use of motor vehicles. It will indeed 
be unfortunate if the potential success of electric vehicles is Judged, for the 
most part, on their ability to compete under present economic conditions. We 
therefore recommend that If implementation of the bill results in sale to the 
general public of electric vehicles that are essentially state-of-the-art, every 
effort be made to emphasize the electric vehicle as an alternative to todays 
automobiles — for certain missions — rather than a competitor with them. 
Potential benefit of demonstration project 

With regard to potential benefits from the planned demonstration project, 
there may be two possible benefits, (1) encouraging the growth of a private 
sector electric vehicle Industry, and (2) development of better data on electric 
vehicle performance characteristics. Certainly some stimulation of the electric 
vehicle Industry appears to be necessary If this technology is to be advanced to 
a position where It provides a long range alternative to petroleum based motor 
vehicles. The demonstration project, If carefully controlled, could result in 
meaningful data on electric performance characteristics under real world operat- 
ing conditions. At present, data appears to be confined to special applications 
which in general do not reflect typical automotive emissions. 
Possible adverse affects of demonstration project 

There may, however, be some severe negative aspects as noted below. We 
agree that a "premature" demonstration might lead to a negatfve public per- 
ception of electric vehicle potential. In fact, it is our feeling that this would 
likely be the result of such a demonstration project which Involves the public 
at large. It must be recognized that the American public has come to expect a 
high degree of performance ( perhaps excessively high ) and reliability from their 
motor vehicles. Furthermore, an extensive service Industry has been developed 
which responds to correcting problems consumers have with their automobiles. 
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hours per mile. Using the figure of 9.240 miles per year as above, this would 
require 4,620 kilowattbours per year. 

According to EEI. it takes 0.076 gallons of oil to produce one kilowatthour 
However, only 16.57o of the generation la from oil. Therefore, electric industry 
would use nationally only 0.01254 nations of oil times 4,620 kilowattbours or 
Ofty-elght (57.93) gallons of oil to drive one car for a year. 

We do not know bow much utility oil la Imported, but let us suppose It Ota tbe 
national pattern of 25% in 1970. That means, we would need 14.5 gallons of 
Imported crude per car, or 14,500.000 for a millon cars. Therefore, we reduced 
petroleum Imports by 1,577 minus 14.5 or 1,562.5 million gallons. 

Question No. 2. What are the implications for tbe utility Industry with regard 
to generating capacity, Investment capital, and pollution control, of widespread 
use of eiecric vehicles? Please Identify any assumptions used to answer this 
question. Wbat other implications does widespread electric car use have for 
utilities? 

Answer. If one car uses 4,620 kllowattbours per year, one million cars would 
use 4,620 million kilowattbours per year. Tbe total electric utility Industry output 
for 1974 was about 1.866.000 million kilowatt- hours. Therefore, in 1974, one 
million electric cars would have required about one quarter of one percent of the 
total Industry output 

In the Electrical World article referred to In the Answer to Question 1 above, 
tbe author postulates eighteen million electric vehicles in the year 2000 and 
estimates they would require 0.9% of total U.S. electricity production at that 
time. 

It Is anticipated tbat tbe very small increase in capacity required coupled with 
the high probability of electric car recharging in off-peak hours would not tend 
to require any substantial, country-wide increase in generating capacity. Due to 
the higher probability of urban usage of electric automobiles, some local re- 
quirements for urban based utilities might be required, but should not sub- 
stantially change increased capacity planned due to normal growth patterns. 
Thus, this lack of the requirement for Increased capacity would, of course, dic- 
tate tbat no substantial Investment capital nor major increase In pollution con- 
trol costs would be required. One favorable aspect of tbe widespread usage of 
electric cars with off-peak recharging will be to enable tbe Installed capacity to 
"Derate at a higher capacity factor (no matter bow small), thereby reducing the 
cost per kilowatthour to the customer (see Question 3). 

Question No. 3. What la tbe estimate of the projected Increase In the national 
average electric utility capacity factor per one million electric cars in operation? 
How should this Increase in capacity factor translate into a reduced average 

>wer cost to the nation? 

Answer. We are unable to estimate the projected Increase in the national av- 
erage electric utility capacity factor per one million electric cars In operation as 
requested. 

Because so much binges on the general public's attitude toward the electric 
car, we cannot predict the operational patterns, the necessary battery storage 
capacities, or recharging cycle requirements. If the electric car Is to be used for 
■■ irt- range operation with limited battery capacity, then there Is a good possi- 
ty that the batteries would be recharged during off-peak hoars at their home 

e. On the other hand, we can visualize the service station of the future aa 
vidlng fully charged batteries In exchange for discharged batteries. If this Is 
ease, we would assume that the batteries would be recharged as soon as they 

re received by the service station in order to reduce inventory requirements 
hence would be charged during both on peak and off-peak hours. In either 
through the use of properly designed utility rates and load management. i 
foresee a large portion of the battery charging being doo 
1 ting increase In generating efficiency flri'l 

Question .Vo. \. Water requirements for central Stl_ 

' *'-oes greater than they are for gaso-lln* prodw 
Thus, substitution of electric cars for lnt» '* 

Ive substantially greater water use. How sertotB| 

Answer. The major usage of water la in evapOJj^H 

" 'he petroleum and utility Industries. Ah UflLl 
result of electric car usage, thfij 



.. _„>, the ■: 

*w will Increase, thereby decreasing the wai^ 
'med. This, coupled with the decrease in water . 
•wered gasoline production (see Question 



Electric Car Should you require any further Information, please contact Dan 
Jaffe or Allen Hoffman of the Commerce Committee staff at (202) 224-9351. 
Sincerely yours, 

Frank E. Mobb, 
Chairman, Subcommittee for Consumers. 
Enclosures. 

Questions Concerning 8. 16S2 and H.R. 8800 

Question No. 1. Electric vehicle use will, to some extent, reduce oil imports 
since many central station power plants use non-petroleum fuels (coal and 
nuclear). Estimate the reduction la petroleum Imports per 1 million electric 
vehicles replacing internal combustion engine cars, based on a national mix of 
fuels used to Are central station power plants. 

Question No. 2. What are the Implications for the utility Industry with regard to 
generating capacity, investment capital, and pollution control, of widespread use 
of electric vehicles? Please Identify any assumptions used to answer this ques- 
tion. What other implications does widespread electric car use have for utilities? 

Question No. S. What Is the estimate of the projected increase In the national 
average electric utility capacity factor per 1 million electric cars In operation? 
How should this Increase In capacity factor translate Into a reduced average 
power cost to the nation? 

Question No. i. Water requirements for central station power plants are 
several times greater than they are for gasoline production per unit of output 
energy. Thus, substitution of electric cars for internal combustion cars will in- 
volve substantially greater water use. How serious Is this problem likely to be? 

[The above letter and questions was sent to the following:] 

Virginia Electric and Power Co., 

Richmond, Va„ October Z, 1075. 
Hon. Frank E. Moss, 

Commerce Committee, Attention: Electric Car, 
U.S. Senate, 
Washington, D.C, 

Dear Senator Moss: With reference to your letter of September 19, 1075 
concerning the development and demonstration of electric vehicles, we are happy 
to answer questions related to S. 1632 and H.R. 8800. 

Question No. 1. Electric vehicle use will, to some extent, reduce oil imports 
since many central station power plants use non-petroleum fuels (coal and 
nuclear). Estimate the reduction In petroleum imports per one million electric 
vehicles replacing Internal combustion engine cars, based on a national mix of 
fuels used to fire central station power plants. 

Answer. This Involves two sets of facts: A. The petroleum used by one minion 
internal combustion engine cars and, B. The national mix of electric utility fuels. 

Taking the latter first, this Is established annually by the Federal Power Com- 
mission and Is also stated in the Edison Electric Institute Statistical Yearbook. 
An FPC news release of November 26, 1974, cited the following: Coal 48%, Gas 
10.5%, OH 16.5%, Hydro 14% and Nuclear 7%. 

According to the U.S. Federal Highway Administration, Highway Statistics, 
the average passenger automobile went 0,240 miles In 1074. The average miles 
per gallon was approximately thirteen, meaning that the average car used 710 
gallons. One million cars would then have used about 710 million gallons of 
gasoline. Of course, it takes more than 710 million gallons of crude oil to produce 
710 million gallons of gasoline. A gallon of crude yields about 45% gasoline. 
Therefore, It would take 1,577 million gallons of crude oil for one million cars. 

The question asks for the reduction in petroleum Imports. It would be neces- 
sary to ascertain a current figure for percentage of our petroleum consumption 
which is Imported (and possibly also a future percentage). The figure for 1070 
from the 1974 Statistical Abstract was 25% Imported. Therefore, it can be said 
that at least 25% of 1,577 million gallons of petroleum (i.e. crude) is eliminated 
if one million Internal combustion engine vehicles were replaced by electric 
vehicles or we would reduce our Imports by 394 million gallons. 

In a paper presented by Argonne National Laboratory at the Third Inter- 
national Electric Vehicle Symposium in 1074, and quoted In Electrical World 
(March 15, 1074, page 156), electric automobile use is estimated at 0.6 Hlowatt- 
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hours per mile. Using the figure of 9,240 mile* per rear as above, this would 
require 4,820 kilo watth ours per year. 

According to KJfll, It takes 0.076 gallons of oil to produce one kUowatthour. 
However, only 16.5% of the generation la from oil. Therefore, electric industry 
would nee nationally only 0.01254 gallons of oil time* 4,620 kllowatthonra or 
at ty-elght (57.93) gallons of oil to drive one car for a year. 

We do not know how much utility oil la imported, bnt let us suppose It fits the 
national pattern of 25% In 1970. That means, we would need 14.5 gallons of 
Imported crude per car, or 14,500,000 for a mllion cars. Therefore, we reduced 
petroleum imports by 1,577 minus 14.5 or 1,562.5 million gallons. 

Question No. t. What are the implications for the utility Industry with regard 
to generating capacity, Investment capital, and pollution control, of widespread 
dm of elecrlc vehicles? Please Identify any assumptions used to answer this 
question. What other implications does widespread electric car use have for 
utilities? 

Answer. If one car uses 4,620 kllowatthours per year, one million cars would 
use 4,620 million kllowatthours per year. The total electric utility industry output 
for 1974 was about 1,866,000 million kilo watt-hoars. Therefore, In 1974, one 
million electric cars would have required about one quarter of one percent of the 
total Industry output. 

In the Electrical World article referred to In the Answer to Question 1 above, 
the author postulates eighteen million electric vehicles in the year 2000 and 
estimates they would require 0.9% of total U.S. electricity production at that 
time. 

It is anticipated that the very small increase in capacity required coupled with 
the high probability of electric car recharging in off-peak hours would not tend 
to require any substantial, country-wide increase In generating capacity. Due to 
the higher probability of urban usage of electric automobiles, some local re- 
quirements for urban based utilities might be required, but should not sub- 
stantially change Increased capacity planned due to normal growth patterns. 
Thus, this lack of the requirement for increased capacity would, of course, dic- 
tate that no substantial investment capital nor major Increase In pollution con- 
trol costs would be required. One favorable aspect of the widespread usage of 
electric cars with off-peak recharging will be to enable the installed capacity to 
operate at a higher capacity factor (no matter how email), thereby reducing the 
cost per kilowatt hour to the customer (see Question 3). 

Question So. S. What Is the estimate of the projected Increase In the national 
average electric utility capacity factor per one million electric cars In operation? 
How should this Increase In capacity factor translate Into a reduced average 
power cost to the nation? 

Answer. We are unable to estimate the projected increase In the national av- 
erage electric utility capacity factor per one million electric cars In operation as 
requested. 

Because so much hinges on the general public's attitude toward the electric 
car, we cannot predict the operational patterns, the necessary battery storage 
capacities, or recharging cycle requirements. If the electric car Is to be used for 
short-range operation with limited battery capacity, then there is a good possi- 
bility that the batteries would be recharged during off-peak hours at their home 
base. On the other hand, we can visualize the service station of the future as 
providing fully charged batteries in exchange for discharged batteries. If this 1b 
the case, we would assume that the batteries would be recharged as soon as they 
were received by the service station In order to reduce inventory requirements 
and hence would be charged during both on-peak and off-peak hours. In either 
case, through the use of properly designed utility rates and load management, we 
can foresee a large portion of the battery charging being done off peak with a 
resulting Increase In generating efficiency and some Improvement in load factor. 

Question Ho. *\. Water requirements for central station power plants are sev- 
eral times greater than they are for gasoline production per unit of output 
energy. Thus, substitution of electric cars for internal combustion ears will in- 
volve substantially greater water use. How serious Is this problem likely to be? 

Answer. The major usage of water is In evaporation for cooling purposes both 
for the petroleum and utility industries. As the capacity factor (utilization) 
increases as a result of electric car usage, the thermal efficiency of power sta- 
tions will Increase, thereby decreasing the water usage per unit of energy con- 
sumed. This, coupled with the decrease in water consumption for substantially 
lowered gasoline production (see Question 1), should result in a net decrease 
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In water usage per milt of energy consumed rather than a substantial increase 
as Implied In your question. 

We hope these answers will be helpful to yon In your hearings scheduled for 
October 7 and October 10. 
Sincerely yours, 

T. Justin Moore, Jr. 

Kucctuio Power Research Institute, 

September tB, IMS. 
Hon. Frank E. Hoes, 

Chairman, Subcommittee far Contumer* {Attention: Electric Oar), Committee 
on Commerce, V.8. Senate, Washington, B.C. 

Dbah Senator Moss : Dr. Chauncey Starr has asked me to respond to your 
letter of September 16, 1970 In which you Invited comments regarding Implica- 
tions for the utility Industry of legislation proposed under S. 1682 and n.H. 
8800. Specifically, you asked for answers to Questions No. 1-4 attached to your 
letter. 

EPRI's efforts to assess the impacts of electric vehicles on the utility Industry 
are in a relatively early stage, and we do not as yet have a consistent set of 
detailed conclusions. However, on a preliminary basis we would like to respond 
to your questions as follows : 

No. 1. Considering their technical prospects, electrical vehicles will be used 
primarily for urban and suburban transportation. Vehicles operating In this mode 
typically are driven about 20 miles per day during 250-300 days per year. 
Assuming that future conventional ICE vehicles would deliver 20 mpg in urban/ 
suburban driving, a 1-milllon population of such vehicles would require 250-300 
million gallons of gasoline, or about 7-8.5 million barrels of petroleum per year.' 
Under the likely assumption that no new oil-fired base load power plants will be 
constructed after 1980, most or all electric power needed for vehicle propulsion 
will be derived from coal and nuclear fuel bases. Thus, the petroleum savings 
per million electric vehicles are likely to be in the order of 8 million barrels per 
year. 

No. 2. Electric vehicles can have appreciably better energy economy than con- 
ventional cars. A recent analysis' indicates that in a metropolitan driving cycle 
a lead-acid battery powered car could deliver 2-8 miles for each kilowatt-hour 
supplied by the battery. Allowing for battery Inefficiency, a l-mlllion population 
of urban/suburban electric cars would require approximately 3000 to 5000 mil- 
lion kWh per year. For the 1985-1900 time frame, this requirement amounts to 
about 0.1 percent of the electric energy produced. Even If all of the charging 
energy had to be supplied during the dally peak demand period, the required 
additional generating capacity per million vehicles would be only 02-0.8 percent 
of the projected generating capacity. In this (the most unfavorable) case, the 
Investment in new generating plants would be In the order of f.1 billion. How- 
ever, it Is reasonable to expect that most or all of the battery charging would 
take place during off-peak periods (at night). This would obviate the need for 
new generating plants. Two qualifying remarks should be made to this point: 
First, shifting the battery charging load entirely to the nighttime demand valley 
will require somewhat more capable batteries and, probably more important, 
suitable timing and control equipment for charging. Second, the Impact of electric 
vehicles will not be uniform across the country bat concentrated heavily on urban 
utilities which, therefore, will experience considerably greater— positive or nega- 
tive — impacts than the national average would suggest. 

So. S. Assuming that (1) future electric vehicles are used primarily for metro- 
politan driving where nighttime charging will suffice, and (2) charging can be 
restricted to the demand valley, then the electricity demand for electric vehicles 
can be satisfied entirely by Increasing the load factor of baseload plants. Based 
on the energy requirement estimates given under No. 2, above, and assuming 
battery charging during a 8-hour night period (e.g. 10 pjn.-fl a.m.), the average 
national power requirement would translate Into a 0.1-0.2 percent improvement 
of the annual load factor, for each million of electric vehicles served. It should 
be noted that the power requirements and — positive or negative — economic lm- 



■ "Should We Have A New EnKiiie." Report No. HP 48-17, Jet Propnlejon Laboratory. 
Paudena, California, An*n«t 197B ; See Vol. II, Vis. S-fl. 
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Dux Hksatim Mom: Thanh yon for your fetter dated September 19, 191% 
concerning Senate BBl & IKS, "Electric Vehicle Research. Development and 
Demonstration Act at 187r. Below yon will tad my personal opinions about the 
present stains and projection* of battery technology pertinent to electric vehicle 
propulsion- I bare appended a coople of technical papers eoautbored by myself, 
which win help support the at ata a enta I hare made. If yon would like additional 
information to snppty the rationale behind any of tbeae opinions, I shall be 
pleased to send yon sneh Information under separate cover. 

Lead-add batteries are rased in pment-day vehicles, and win be used in re- 
ticles built In the future, not bec aus e of their technical (performance) charac- 
terfsties, but because of their reJatireJy low cost and araUablllty. In addition. 
the motoring pubUe are already familiar with snch battery systems, and this 
may mean a psychological advantage In terms of consumer acceptance. 

The technical performance of lead-arid batteries may be acceptable for certain 
applications, but s weight and volume penalty must be paid, making the ve- 
hicles heavier, or larger than they need be If improved battery systems were 
available. For compact, lightweight vehicles other battery systems most be de- 
veloped. When reliability has been established for these alternate battery sys- 
tems, Inexpensive fabrication methods, and materials optimisation will be neces- 
sary to reduce coats to at least those of present-day suitable lead-acid batter; 
systems. 

Over the next 6 years, I would expect only to see about a 10 to IS percent im- 
provement in the performance of lead-add batteries. Measured at the 1-hour rate 
of discharge, the energy density might reach 20 watt br/Ib in terms of weight, 
or 1.0 watt hr/in* ha terms of volume. Costs will not change appreciably. At the 
end of a decade, a further small improvement in performance will be evident. At 
this tune the energy density would approach 25 watt hr*/lb, or l.S watt hr/in". 
Costs will only be reduced if large-scale manufacturing capabilities (like present 
day facilities for ST.I automotive batteries) are realized. 

Major breakthroughs In battery (hence vehicle) performance will only be 
achieved with the development of other battery systems. Thus, although lead-add 
batteries will be the main contender In the 1975-1080 time period, nlcVel-ilnc, 
slnc-chlorine and zinc-air batteries could reach a satisfactory state of develop- 
ment for applications in 1980-1986. Of these three battery systems, nlekel-zlnr 
batteries will be probably the best contender for superseding the lead-acid sys- 
tem. Beyond 1985, In order to meet the (high) performance requirements of some 
types of vehicle an effort has to be made to develop some of the so-called "ad- 
vanced" systems, such as sodium-sulfur or lithium-metal sulfide, which operate 
at elevated temperatures (say 600 to 750 F), or the sodium-metal chloride system 
wblcb operates at about 400 W. 

Until these alternate battery systems can be Incorporated Into electric ve- 
hicles, the performance obtained with lead-add batteries may be considered ie«» 
than desirable by the public. To compensate for this other aspects of battery. 
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At the same tine Improvement in battery ■_ _ . 

eratlon should be siren to the development of compatible battery charging sys- 
tem*, whether on-bosrd or stationary, for those sttustkau where overnight 
rerisrgtng is not possible or prsrtkaL 

I hope the above comments will assist yon and your eoDeagts in preparing 
for the Commerce Committee bearings on S. 1682 snd H.R 8800 scheduled for 

Very truly yours, 

Bsic W. Bsoomas, Ph D„ M.LiL 
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battery type* can live relatively 
high specific power value*, whik 
otber* can give high specific 
energy value* 

What values of pacific powa 
and specific energy are reqniml 
for electric vehicles? The) values 
proposed for a 1600 lb nailery in 
a family-type car Tor highway 
travel were identified by the 
Health, Education and Welfare 
Department to include a speeifk 
power of > 100 whr/lb and a 
cycle life of * 3000 cycles. Siui- 
lar anticipated performance 
numbers for other type* of else 
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vehicle with a range of 20 
at 60 mpli would require a bat- 
tery giving 136 whr/lb and 100 
■/lb. 

Because of the availability of 
lead-acid batteries for near-tens 
application* to electric propulsive 
systems, theaa batteries will be 
discussed first. Other candidate 

will be a 
the lead-acid types 

These otber candidate bat- 
teries have been arbitrarily di- 
vided into three groups: 
• Systems developed as battens 
for nonpropulsive application! 
and not yet eompreheni ' 
evaluated. 
. Prototype battery system 
ready for evaluation in electric 

- Experimental systems being 
studied In laboratories prior U 
scale-up for propulsive applies- 



The lead-acid battery is still 
America's main SL1 (starting- 
lighting -ignition) battery, pri- 
marily because of low material! 
and manufacturing costs. Alia, 
the performance of the rela- 
tively low coat lead-acid traction 
battery is adequate for certain 
useful applications such as short 
distance, low speed, trips is 
lightweight electric vehicles. For 
these reasons, perhaps the lead- 
. acid system should be more fully 
exploited toward propulsion ap- 
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not doe* the figure give a clue u 
lo repetitive usage (cycle life of 
the battery I at that rate. Also not 
obvious in Table 1 is the afore- 
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mentioned general trend that 
the hi slier power of ■ battery 
was attained at a sacrifice In the 
energy. Alternatively, high ener- 
gy was achieved at lower power 

Nickel-cadmium batttria The 
Ni-Cd system la a commercially 
successful battery with a long 
Standing history of use for crank- 
ing trucks, marine engines and 



tha Ni-Zn system haa ihown up 
to 40-60 whr/lb at low ratal of 
discharge, and a power density aa 
high aa 160 w/lb for high ratee of 
discharge. Thaae vah 
this battary system a 
;eept high w a 



f the life cycle 



power for fork lift trucks, mine 
shuttle can, locomotive*, and aa 
motive power for fork lift tracks, 
mine shuttle care, and railroad 
switching locomotive*. Although 
power and energy densities are 
reasonably good and cycle life is 
excellent, the world's limited 
supply of cadmium haa discour- 
aged its uae for a large volume 
market comparable to lead bat- 
teries. The battery is capable of 
an energy density of up to IE 
wbr/lb, and power outputs aa 
high as 260 w/lb, which would 
make it suitable for delivery 
trucks, and possibly for urban 

Silver-tiiur batteries. The Ag-Zn 
system is also accepted commer- 
cially, but is largely used for 
premium applications such as for 
electric watches and hearing aids 
(primary batteries) because of 
the high coat of silver. The sec- 
ondary battery has many uses in 
military applications, but be- 
cause of its limited cycle life and 
high cost, it should be viewed 
only as a comparison point in Ta- 
ble 1. The sj ■ 






charge problems associated with 
toe air electrode and with the 
aine electrode mentioned ear- 
lier remain aa perhaps the big- 
gest challenge with these sys- 
tems, particularly for in-place 
charging for propulsion applica- 
tions. Sketch of a typical zinc-air 
call is shown in Fig. 4. The pres- 
ent upper limit to energy density 
appears to be about 100 whr/lb. 
Power densities as high as 103 
w/lb have been measured for 
mechanically rechargeable bat- 
teries. For secondary batteries 
the upper limits appear to be 
about 40 w/lb. 



Other gnmp* have described 
developments on high temper- 
ature cadis. For example, a Jap- 
aneee-developed system pro- 
duced SB wbr/lb at a 3-hour rate, 
and demonstrated 100 cycles. 
Perhaps the outstanding charac- 
teristic of these systems is their 
potential for high rata recharges 
(within 15-30 mini for automo- 
tive usage. In tha United King- 
dom s delivery van has been 
equipped with a Na-S battery 
prototype to evaluate its 
potential. 

Lithium-Sulfur BalUrU: 
These batteries are typical of 
metal-chalcogen systems which 
usually incorporate lithium 
metal as the anode material and 
a cbaleogen such aa sulfur, 
selenium, tellurium (or a ma- 
ture of two or more of these) ai 
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Sulfur . 



cells, s 



i. The 



■es, up tt 

a dellva 



it TOO F. 1 



n has outatand- 
density 



ing powi 

capabilities, being ai 

w/lb and 75 whr/lb, respectively, 

with a value or about 45 whr/lb 

being easily achievable. 

Nickel-Zinc BatltritM. The Ni- 
Zn system is receiving more at- 
tention currently because of its 
potential in combining the high 
rate discharge capability of sine 
in an alkaline electrolyte with 



the sodium-sulfur type, have 
gained attention because or pros- 
pects of meeting both the high 
energy density and high power 
density demands of the typical 
high powered family car. The 
battery is operated at tempera- 
tures in excess of 575 F. Power 
density is good at these tempera- 
tures. Undesirable problems en- 
countered with this type of bat- 
tery system include materials 



cost lower than j 
any battery ays- i 

oc electrode, basic d 



sulfur cell which 

576-660 F using a 
type elec 
erfor: 



olyte. Pro- 
150 



>hr/lb and 100 w/lb. Whi 
evelopment appears to be con- 
inuing, there is little informs - 
ion released. A 12-v battery has 
sen reported capable of deliver- 
ag 300-400 w. Corresponding 
oergy a ' 



power densities of the order of 
100 wbr/lb and 60 to 70 w/lb. One 
source, however, estimates it 
would take about seven years te 
develop a 20 kw lithium-sulfur 
battery for electric automobiles. 
Zinc-Chlerint BatUrUi. A 
novel sine battery has also been 
reported which incorporates a re- 
chargeable chlorine electrode by 
storing the chlorine externally te 
the cell in the form of a solid, 
chlorine hydrate. The hydrate al- 
lows for storage at dose to am- 
bient temperatures and pres- 
sures The developers have dem- 
onstrated a 200 v, 100 amp 
modular system weighing 2010 
lb- This system waa insteJlad in a 
Chevrolet Vaga automobile hav- 
ing a total weight of 4S14 lb, in- 
cluding two passengers. The 
energy density for a mass-pro- 
duced battery was projected at 
60 to 74 whr/lb at a 4-hr rate. 
Such a battery was expected to 
have an intermittent power den- 
sity of 40 to 60 w/lb. The system 
is still under development with 
more recent studies concerning 
the porous graphite (carbon) 
structures used for the chlorine 
electrode, and operation in the 
flow-through mode. A single-cell 
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Materials p t ohk ni* exist with both the active ud Ike ianetrf* Mm; 
wpapa i tt These problems are identified for the battery nana* to 
contention for electric vehicle propohrion, and fall ■■flu the pwnl 
categories of 1 1 1 low ratio of practical to theoretical tS B CPTJ SISJSHJ 
<2> active essaponent capacity losses, (It corroatou of lnmU«* n» 
ponents. Ml inadequate aeparator materiala, (5) asaraltebUMy «t 
homHlf seals, and (flt restricted availability or hick coat «t certain 
materials Current research to solve some of these materia** prsMeaaa 
is outlined. 



Electric vehicles are aa attractive alternative to internal combustion enada* 
vehicles. Two Important factors In their favor are the absence of atgnUknnt 
noise and atmospheric pollution, and the use of night-time electric power for 
recharging which acta as a load-levelling means. Why then are there not store 
electric vehicles on the road ? Part of the problem la cost. The components needed 
for the controls and drive train are not produced in large quantities at the pres- 
ent time, hence are expensive. Another part of the problem la the energy source — 
the batteries. Those batteries which are available and reasonably priced cannot 
give the power and/or energy densities which would make the vehldea competi- 
tive with internal combustion engine (IC) automobiles. Those batteries under 
development which are capable of higher power-energy densities are very ex- 
pensive. Batteries now available and those being developed hare materials prob- 
lems which will be discussed subsequently. 

Figure 1 shows battery systems which hare been considered for electric ve- 
hicle propulsion applications. A battery essentially consists of active components 
and inactive components. The active components are the anode materials and the 
cathode materiala, and in some instances the electrolyte which provides an ionic 
conduction path between the two. The inactive components Include separators 
(electrical insulation between anodes and cathodes), current collectors, terminals 
and containers. Figure 1 shows, for example, that In a sllver-ainc battery the 
anode Is sine metal and the cathode la silver oxide. These are the active com- 
ponents, and they have a theoretical energy density. However, when the active 
materials are packaged to obtain electricity for practical applications, the 
added weight of the Inactive components, plus the electrical Inefficiency of op- 
erating the anode and cathode materials under nooequillbrium conditions, dras- 
tically reduces the obtained energy and power densities. Typically, values of 
about 1/5 the theoretical are obtained. Thus, one problem with all batteries Is 
to select the packaging and structural materials to minimise the overall weight 
and volume, and hence yield energy and power densities closer to the theoretical 

Various federal agencies have authorised studies to determine the typically 
desirable electrical battery characteristics for various types of vehicles. These 
desirable character! sties are shown in Figure 2 for vehicles of standard construc- 
tion and of lightweight construction, while Figure 3 shows how some of the bat- 
tery systems In Figure 1 compare with the performance requirements. The fol- 
lowing section describes some of the materials problems associated with those 
batteries most likely to meet these requirements. 

3. MATERIALS PROBLEMS IK BATTERIES 

2.1 Lead-acid batteriet 

Lead-acld batteries of the heavy duty and golf-cart types are mass produced, 
hence readily available and relatively Inexpensive. However, they fall short of 
the power and energy density requirements (See Figure 8) for competitive per- 
formance with IC automobiles. Nevertheless, these batteries are currently used 
in a wide range of vehicles giving a performance of about 80-60 mpb (TO to 80 
kmph) top speed and a range of 30 to 50 miles (SO to 80 kilometers) between 
charges. Battery cost and useful life (number of charge/discharge < aa to 
failure) are usually inversely related, hence the low cost lead-add battei 
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Metal-air or raetat-oxygen batteries are attractive ayateama lunw o* then fcath 
merer daMaatU*. and low materials costs. Though ninny metal air ami atrial 
oxygen system* have been investigated, the moat deraloped ay slew la ta* M*cali 
battery. Of the ether candidate metals beryllium in ton rOMhj Mat > 
oaa; lithiam la too costly ; aluminum corrode* too rnnldS 

U does magnesium, which also gives a sludge In irperall'in . rilanlum paaani ate* 
too easily ; cadmium has a low efficiency and Mod I tun ha* to !••• noun, i 

Mechanically rechargeable batteries (either by physically NatlaHnf Hi* aliiv 
electrode* or by using a recirculation means) have l»-*n hmvI lit eleitrl 

■. much work is needed before nn electrically rwhargMbla bat tan »Hh 
long cycle life is developed. Part of the material* problem la to rrplac* Id* ei 
pensive noble metal electrocatalyats In tlie air electrode with a rheauei riwh,. 
cataiyat. At the high recharge rules extremely corrosive i-omllttoii* rtlal al Hi. 
air electrode beotuae of oxytfeu evolution. CarlMiu, which 1* n cheap, aatlatVlitrt 
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t proMeaa am. Ot* m 

r by Turin* metal KilMr ea pct ro d — , tot Um •tarUtftat r»r*aa*J*M» M 
. Another attest* at ar+rtng this proMean \* to w ■ cat tar a far*).- 
- *ld) electrode. The arsenic addition tend* to retain Ike walfai 
i Improve* electrode rigidity ii»l itwreav* eerctmaV oaajdaj.v 
tiritj. If the charging voltage is kept Wo* 2.7 rolta, tbea the (opaanM awlyf 
Ti grid* (coral collectors) used In bud* designs are cvrreaW* r* 
iTe this voltage oorradon occurs, and for x 
fUtntc material ha ring a better corrosion realstance * 

a. Ki'Mumt iM' ooarountom 

Battery engineers have rtiown many elect rochewlcal rouplm capable 
of giving high energy den*uicN at a reasonable coat Thea* rngfrrn ai 
ually striving to improve the perform a nee of thea* rouplea In actual pr 
first trying to understand the mechanisms of the reactlona which, «crur 
controlling these reactions In the most desirable manner, and prevent li 
as possible any detrimental parasitic reactions which »n 
fonnance. Concurrent with this effort materlahi engineer* play an iim-'t 
in containing the active material and producing a practical product »■ 
to the general public. Buttery anil niatrrlula i-iigiini-r* iiiui 
to overcome the many problems which arise In producing a high rbti 
power density battery for electric vehicle propulsion appU 

Although specific materials problems with a wide range uf ballerina ha>> 
been described, the general problem arena nre similar for each l"< I 
These problem areas may be HumiuarUcd nn follow* 

(1) Low ratio of practical to theoretical energy denally 

(2) Active component capacity loanc* 

(3) Corrosion of inactive components 

(4) Inadequate separator materials 

(5) Unavailability of adequate hermetic aeala 

(6) Restricted availability or high cost of certain material* 

The theoretical energy density of electro-chemical couple* ran never lie reallw.i 
when cells or batteries constructed, bccaUM the Inactive eompffliMbi (root* thai 
grids, terminals, connector*, and so on) add weight to the overall syali 
not contribute to the delivered energy However, by cartful ih-algn anil selection 
of materials the inactive cumponent weight Contribution run )»■ niliiliiilaeil. 

Active component (electrode muterlol) capacity Innaen may I" i 

direct. With inadequate separation of Hie ano.h- and r I< rnali 

discharge may occur very rapidly by a direct prncea*. MSpc.lniiv It a a ■ 
material la a gas. Lobs of capacity la also possible by I ttrtl 

materials are present to react with the n<-t1v« vlvrirude materials Time 111* 
trend has been to move away from organic separator materials *h 
oxidised by the positive electrode*, causing tin- 1a"rr •> 

"1 causing the electrolyte to become carbonated liuirgai.i< a»pai 
t favored for many battery nppll<»il'ii 
often associated 
■hnrge cyelinc. T. 



materials, sack as molten sodium and lithium and chlorine for «nt~r<T, » re 
extremal* corroatTe, and materials preaentlj used tend to be very expensirc 
and/or relatival* heavy. Scope exists for Improvements in this area of materials 



A mak-free, low cost, rename hermetic seal, either metal-ceramic or eeramic- 
cernmle, does not exlat at the present time. An improved seal wotdd enable edla 
with much ronaar life to be constructed. If the active materials balance la cor- 
rectly formulated then exceeaiv* casrdac should not reradt and renting shouU 
not be required. A bermetleaUy sealed battery woald then mean that there 
wooM h» creator freedom In location on the vehicle. 

In con cre a io a. while battery enslneera concern tl 
thimltal aspects of battery performance, a whole sl 
Naaa exmt wnlttea; lor aataoona from the materials a 
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WatMngton, October S, 1975. 
Hon. Feahic E. Moss, 

Chairman, Subcommittee for Consumer*, Committee oh Commerce, UJ3. Senate, 
Dlrkten Senate OffltK Building, Washington, D.C. 
Deak Ma. GHUBiuif : I am writing in response to your September 29, 1975 
request for a Commission response to yoor questionnaire "on electric vehicles 
and related matters." The enclosed memoranda from the Commission's Bureau 
of Power and Office of Energy By stems should be considered as a Commission 
*taJT report In response to your questionnaire. 
Sincerely, 

John N. Nabsikas, Chairman. 
Enclosures. 

Ootobxb 2, 1975. 
Memorandum to: Daniel Goldstein, Assistant General Counsel. 
From : Bichard F. Hill, Acting Director, Office of Energy Systems. 
Subject: Questions relating to S. 1632, the Electric Vehicle Research, Develop- 
ment, and Demonstration Act of 1975. 
Office of Energy Systems responses to the subject questions are attached 

Hichabd F. Hill. 
Attachment. 
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1. It is «^iMt*<j that replace 
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the early 1980s, woU * 
prodded the electric energy is gem 
overall national projection* lor the 1980s. Pit— Ml this Baring wndd JUtfli 
reduce Import renairementi cat 1 t auqndhigly . 

One million motor vehicles represents leas than 1% of p 
recistratJou la the US. 

This estimate ia derived aa follows: the vehicles in ipirwtlm are assumed 
to be paaaengCT automobile* or similar vehicles, such aa small delivery back*. 
At cm-Tent (1975) levels of efficiency and with current patterns of use, the aver- 
aa* such vehicle c— M energy eantralent to about s Ut ec si barrels of oil ner 
v«ar. Irorswements ia caVienry bit be expected t 
harrelsfcy the early 1990s. Taking a. ■ - - - 

this t arr ea pnmda to front eight to twelve barrels of erode oft. T*u» _ „ 

lot; frotn eliminating one anHion such vehicles would be from eight to twelit 
aaUMai *■»—*» nanallr 

The replacement electric vetalelea would each be expected to consume " n— ■*- 
rostely 6000 KWHX per year (liOOO mflee al 2 mi/KWHR). If thu electric e* 
ergj were obtained from ofl-bunmng power pasta, the oO required would be about 
SB barrelt per year per vehicle, and there would be a very anall net saving ht 
oil, or perbapa a small loam. But hi the time perloda from 1S80 onward, oil ia a 
peeted to be uaed I or only about 16% of electric generation natfamwU* TJahaglMi 
nationwide average p roportion, the replacement electric vehicles would than at- 
count for abotd LB million barrels of oil per million ve h te l ea. Thus the net eavim 
conld be from six to ten mOilon barrels. 



is delivery tracks, a . r 

be greater, perhaps twice aa great. Bat that is a relatively small vehicle d 
the ultimate a* visas are thereby Hmtted. 

It should be noted that the electric energy for recharging the eases aaB v ajflpha 
will tend to be eunaiuued during ofF-peak htinrs, and will be available at na- 
tively low incremental cost. However, since unclear plants in the «aj*j 1 — 
are expected to be fnDj base-loaded on a 2*-hnar b ■ ' " ' 




the increase in capacity needed would be a a j M aJM a Fad a 

generate the small increment of electric energy, and those enr ln ai 
which are directly related to foe! consumption 

*, VeMLle caanpna load during off-peak honrs woold tend to n aaa a a s eas-trk 
utility capacity factor. Tne amount of load la an — M bowprpr, tttt far dasS 
on capacity factor 'in lSWl would be leas than 01 rv per TtTHew vnk 
the aanmantJau* as before, and the additional aanunptton that all a 
lag is done flaring off-peak honrs. Tne effect u 
would be correspondingly very small. 

It should be noted that the energy coat for the electric v 
even at c urrent typical residential rates. Assuming I s-Jlfs 
the energy con would be 'typically i 2r to Be net nule. 
for current interoal-cambostiiiE engine passenger 
were mstitnten for off-peak charging, the electric 
pees leas. 

4. Substitution of electric ears for K cu 
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passed through the plant to provide cooling, and la returned to the natural water 
body at slightly Increased temperature. Since the temperature Increase In the 
natural water body varies with plant load, and since there Is evidence that the 
cyclic temperature variation may be more harmful environmentally than the 
absolute temperature difference, any Increase In off-peak load, such as for elec- 
tric vehicle charging, may tend to be environmentally favorable. 

Actual consumptive use of water for electric vehicle charging would be in 
proportion to the energy generated, thus one million electric vehicles In 1980 
would add leas than 0.2% to water consumed by electric utilities. 

With respect to water quality, It should be noted that significant quantities of 
petroleum residues are carried In surface run-off water, eventually finding their 
way Into streams. Some reduction In this effect wonld result from reduction In 
the number of ICB vehicles. 

OCTOUK2, 1975. 
Memorandum to : Office of the General Counsel. 
Prom : Chief, Bureau of Power. 

Subject : Questions concerning S. 16S2 and H.R. 8800 submitted by Senator Horn 
(electric vehicles) . 
Bureau of Power responses to the subject questions are attached. 

T. A. Phillips. 
Attachment. 

Questions Cowcebhmq S. 1682 and H.R. 8800 

QuerlUm No. 1. Electric automobiles are assumed to be small commuter models, 
driven an average of 6000 miles per year, with a energy requirement for re- 
charging batteries that would average 0.6 kilowatt-hours per mile. On this basis 
each one million vehicles wonld require an electric energy supply of 8.25 million 
megawatt-hours per year. 

To supply, this added amount of energy, the electric power industry would 
have to consume annually, for each one million vehicles, either an additional 
5.85 million barrels of oil or 1.S3 million tons of coal, or operate 570 megawatts of 
additional nnclear capacity. 

Baaed on projections for 1080, the added electric load of one million electric 
vehicles would represent approximately 0.12 percent of the total electric energy 
production In that year. Additional nuclear capacity beyond that now planned 
and under construction cannot be available in I960, and all scheduled nnclear 
capacity will be operated at maximum output, even without an added electric 
vehicle load. Thus, any Increase In 1980 electrical demand resulting from electric 
vehicles will be met by Increased consumption of fossil fuels. If the national 
electric power system was perfectly Interconnected and transmission losses 
were negligible. It would be possible to supply the additional demand using only 
coal fired capacity. If the coal is available. The incremental coal consumption 
for one million vehicles, 1.53 million tons, Is 0.25 percent of the projected total 
1080 coal consumption for electric power of approximately 600 million tons. Since 
battery charging (or equivalent regeneration of electro-chemical materials) 
would be done at off-peak hours, no additional coal generating capacity would 
be needed for snch a small energy Increase. 

Because the transmission system is not perfectly Interconnected nor without 
losses, undoubtedly some of the additional energy would be supplied by oil fired 
generation in the regions where the vehicles are used. In 1980, generation by oil 
is projected to be about one-fourth of that of coal and oil combined, so that on 
a proportionate basis the added load of one million electric vehicles in 1980, as- 
.smiiinj; no shortage of mill, is likely to be met by the use of 1.15 million tons of coal 
and 1.46 million barrels of oil This incremental amount of oil is 0.18 percent of 
the 800 million barrels of oil projected to be used for electric power In 1980. 

The Internal combustion engine n replaced by the electric vehicles are as- 
sumed to be light-weight, limit rformance units averaging 30 miles per 
■!■!. i master oervlce, WH erage vehicle annual mileage of 6000, 
.. ,. n ..i MM, ■ would consume approximately 5.16 
nlug adequate coal supplies, the 
t» to reduce gasoline imports 
■ bv 1.46 million barrels, 
lion barrels per year, 
imports only so long 
Iclty demand. How- 
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ever, tbe adequacy of coal supply for electric power in 1980 la not entirely cleat. 
The electric power industry demand for coal la projected to Increase 60 percent 
by 1980, a formidable challenge for the coal producers and the transport industry. 
For later dates, such as 1990, there Is sufficient lead time for construction of 
additional nuclear plants, and for further expansion of coal production and de- 
livery capabilities, to ensure that practically all of an anticipated Increase In 
elect riety demand resultng from electric vehicles would be provided by these 
two energy sources. 

Queation No. 2. From the standpoint of equipment utilization, the electric power 
industry as a whole could readily accept and would welcome a substantial 
Increase in the national annual load factor. 

Ten million electric vehicles la. 1980 would Increase the energy demand and 
load factor by only 1.2 percent and 40 million vehicles In 1990 would increase 
these quantities by only 2.9 percent. These potential additional energy demands 
are smaller than the probable errors of estimate of future demand and would 
require essentially no additional capacity, assuming the electro-chemical re- 
generation process Is accomplished In off-peak periods. (However higher load 
factors might cause some shifts in the capacity mix.) there would be additional 
fuel requirements, principally coal. The overall Impact of these numbers of elec- 
tric vehicles on utility Investment capital would be small, because capacity re- 
quirements are not slgnficantly different. There would be an Increase of a few 
percent In pollution emissions from coal Bred plants corresponding to the In- 
crease In total generation. 

Overall, electric vehicles would be a welcome development for the electric 
power Industry because of tbeir ability to Improve revenues with almost no in- 
crease In facilities. They appear likely to be a much smaller factor in future 
electric power growth than electric heating, for example, and would require 
only minor changes in utility plans 

Quettion No. 3. As Indicated In the response to Question No. 1, the national 
average electric utility capacity factor and load factor will be increased by 0.12 
percent for each one million electric vehicles. That is, the presently forecast 1980 
national capacity factor of approximately 46.3 percent would be increased by 
.055 for each one million electric vehicles. 

The increased generation costs for electric vehicles will consist almost entirely 
of fuel and direct operating costs. In 1975, the average incremental cost for coal 
fired generation is approximately 1.0 cents per kilowatt hour and for oil fired 
generation is approximately 2.3 cents per kilowatt boor. On the basis of a 3 to 1 
ratio between coal fired and oil fired generation, the average incremental costs 
for electric vehicle generation in 19T5 would be approximately 1.33 cents per 
kilowatt hour. For one million vehicles using 3.25 million megawatt hour a year, 
tbe energy costs would be approximately $43 million. 

Total electric utility revenues in 1975 are estimated to be about $48 billion for 
sales of approximately 1750 million megawatt hours, resulting in an overall 
average cost of electricity in 1975 of about 2.7 cents per kilowatt hour. An addi- 
tion of one million electric vehicles in 1975 would Increase the generation by 3.25 
million megawatt hours and direct costs by $43 million. Were the aggregate 
charges to customers to be increased by only the amount of the direct costs of 
electric vehicle energy, the average cost of electricity would be reduced by .0020 
cents per kilowatt hour. However, In practice, the very small energy addition 
represented by the first one million vehicles would be billed to electric vehicle 
users at the standard rates and would serve to slightly improve the utility rates 
of return. If electric vehicles became a major load consideration and significantly 
improved load factors, the rate of return limits Imposed by regulatory bodies 
would cause a readjustment In rates and a reduction In average bills approxi- 
mately proportioned to the reduction In the aggregate cost per kilowatt-hour of 
providing electricity. 

Even 40 million electric vehicles in 1990 will Increase total electricity produc- 
tion by only about 3 percent, so the overall Impact of electric vehicles on electric 
rates will be very small. 

Question No. *. Most water used by electric generating plants is returned to 
the body of water from wbicb it was withdrawn, where it Is available for other 
uses. The consumptive use of water by power plants Is approximately 0.11 cubic 
feet per kilowatt hour. Thus, each one million electric vehicles would cause the 
consumption of about 360 million cubic feet of water per year. 

Water consumption is proportioned to energy produced, so that 10 million 
vehicles In 1980 would Increase the Industry's water consumption by slightly 
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Pacific Gas awd Electric Co., 
Ban FrancUoo, Cmlif., September 39, 1975. 
Hon. Frank B. Moss, 

Chairman, Subcommittee for Grmtnmert, U.S. Senate, Committee on Commerce. 
Washington, D.C. 
Dear Se.iatos Moss : This is In response to your letter and questionnaire re- 
lating to 8. 1632 and H.R. 8800 which concerns a Federal program of research, 
development and demonstration designed to promote electric vehicle technologies. 
It has been explained to Mr. Jaffe of roar staff that Pacific Gas and Electric 
Company does not have meaningful national data to respond to these questions. 
At his request, we have translated the questions to the PG and E service territory 
and assumed that Ave percent of the one million proposed national vehicles would 
be in our service territory. Oar attached questionnaire is based on this 
assumption. 

Sincerely, 

John P. Bounce. 
Attachment. 

Questions Concebniko 8. 1632 and H.R. 8800 

Quegtkm No. I. Electric vehicle use will, to some extent, reduce oil Imports 
since many central station power plants use non-petroleum fuels (coal and 
nuclear). Estimate the reduction In petroleum imports per 1 million electric 
vehicles replacing Internal combustion engine cars, based on a national mix 
of fuels used to fire central station power plants. 

Question No. t. What are the Implications for the utility industry with regard 
to generating capacity, investment capital, and pollution control, of widespread 
use of electric vehicles? Please identify any assumptions used to answer this 
question. What other implications does widespread electric car nse have for 
utilities? 

Question No. 3. What is the estimate of the projected increase in the national 
average electric utility capacity factor per 1 million electric cars in operation? 
How should this Increase In capacity factor translate into a reduced average 
power cost to the nation? 

Quettirm No. i. Water requirements for central station power plants are 
several times greater than they are for gasoline production per unit of output 
energy. Thus, substitution of electric cars for Internal combustion cars will 
involve substantially greater water use. How serious is this problem likely to be? 



Question No. 1. Some reductions in petroleum Imports should occur in the 
Pacific Gas and Electric Company's territory. The amount is difficult to accu- 
rately predict, depending upon the type and use of gasoline vehicle displaced by 
50,000 electric vehicles. Actual use Is highly sensitive to the gasoline consump- 
tion (miles per gallon) of the existing gasoline vehicles. This could vary from 
135,000 barrels of oil saved annually to a high of 877,000 barrels for our 
service territory. 

Our recent test with 30 electric U.S. Postal Service vehicles at Cupertino, 
California Indicates the electric vehicle will save 10,707 BTU/mile. This occurs 
because the gasoline Jeep used 6.5 miles per gallon, and we generated over half 
of our kwh from hydro, atomic or geothermal. 

If electric vehicles replaced this very low miles per gallon type vehicle, they 
would offset the use of 878,000 barrels of oil per year, assuming 10,000 miles 
per year use of the vehicle. 

Using 12 miles per gallon, and 10,000 miles driven per year, and 50 percent 
fossil fuel for our system, the net saving of oil would be 135,000 barrels. 

See Appendix A for details. 
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CAJ-CITLATIOriB, GABOUHE VEB6US ELECT8IC VEHICLES 



Gasoline 

A. He-ported 6.5 mpg 1 or start-stop and idling in city drivinK=l mi/0.1538 gal 

(18,748 Btu/ml) 

B. Assume 12 mpglo city driving =0.0833 gal 

(10,695 Btu/ml) 

Gasoline Engine — @ 12 mpg 

0.0833 galX128,400 Btu/gal= 10,695 Btu/ml 

Electric Generation "Mix"=2.649 KWH/ml 
2.849 KWH/ml X 3413 Btu/KWH= 9.Q41 Btu/ml 
Savings from electric geperatlon= 10,695 Btu/ml— 9.041= 1,654 Btu/ml 
Assume 50,000 vehicles X 10,000 mi/yr= 500,000,000 mi 
5 X 10* X 1,661 Btu/mi=825,600,000,000 Btu 
_8^5XlO^BtU__ 
610X10' Btu/bbl 
Gasoline engine consumption—® 0.5 mpg 

0.1538 galxl28,400 Btu/gal = 19,748 Btu/ml 
Electric Generation "Mii"=2.649 KWH/ml 
Electric vehicle— 2.640 KWH/ml 
(Mix Generation) 

@ 1.3 KWH/mi at charger (Harbllt Mall Truck) 
2.649 KWH/mlx3413Btu/KWH= 9,041Btn/ml 

Bbt/mt 

Gasoline engine 19, 748 

Electric vehicle 9, 041 



= 185,000 bbU/yr— Savings 



Savings with electric vehicle 

50,000 vehicles X 10,000 m!/yr= 500,000,000 mi 
5X10* mix 10,707=5,353,500,000,000 Btu 
53535X10* Btu _ 
610X10* Btu/bbl 
Quettion No. t. To study the electric vehicle as an electric load, we must c 



= 877,623 bbla/yr — Savings 



sider power, energy and load factor. For load factor, we assume most people 
will connect the charger overnight. To generate electrical energy for 50,000 
electric vehicles (approximately 6 percent of national average) la extremely 
small in comparison to our system peak of over 12 million kw. We have analysed 
the State of California Division of Highways hourly traffic load data for various 
highways. Figure 1 is a composite of four locations in the San Francisco Bay 
Area. This traffic load curve Is shown as a solid line. Over this curve Is PGandE's 
typical dally load curve In kw demand. It will be noted that the highway traffic 
generally follows the electric demand during the day and night. In analysing 
the time relationships for when a vehicle could be charged, the peaks mutt b* 
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offset by approximately 30 minutes as toe traffic sample points are approximately 
30 minutes from the commuters' homes. 

We nave generally concluded that if electric transportation becomes wide- 
spread and people retain tbeir existing driving habits, electric vehicles will not 
present a load that would require the addition of new generating facilities for 
many years. Some on- the- road vehicles will undoubtedly be connected during 
the peak periods, however, It should be a negligible percentage. 

With our extensive hydro, geothennal and atomic energy sources, we don't 
foresee any unusual pollution control problems related to the electric energy 
generated for electric vehicles. 
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Quettion No. 3. Off-peak charging of 50,000 vehicles driving- 10,000 miles an- 
nually would add approximately 6.5 billion kwh to oar annual production of 
Aft o billion In 1074. This would Increase oar aimnal load factor from 59.7 to 
b remr, this again Is very sensitive to the type of service the electric 
< for and represents a maTJmnm figure. If the electric vehicle Is 

>4 » «<. U ud family car or pot Into route type delivery service (IS miles per 
i at about 4,000 miles per year would use about 2.6 billion kwh par year 
vould only raise this load factor to 62. 
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With this wide change In load factor possible and doe to other conditions that 
affect annual load factor, It 1b difficult If not Impossible at thli time to comment 
In a quantitative manner on any translation to reduced avenge power coats. 

Question No. 4. Water use again varies In the ultimate use of the fuel. Data 
from a modem 164,000 barrel per day refinery reveals 1,700 gallons per minute 
for process water or .357 gallon of water per gallon of gasoline. At 12 miles 
per gallon .0296 gallon of water is used per gasoline engine mile driven. 

Electricity generated In a modern 760 megawatt thermal plant will require 
about SO gallons per minute of makeup water or .0046 gallon per kwh. At 1.4 
kwhr/mlle .0006 gallon of water la used per electric mile driven. 

Thus, about 12,100,000 gallons of high quality process water are saved annually 
through the use of 50,000 electric vehicles at 10,000 miles per year. 

In both cases the refinery and electric plant use large amounts of cooling 
water which is primarily from the Pacific Ocean and losses In these systems 
(8,000 gallons per minute refining 7,000 gallons per minute 750 megawatt unit) 
have been ignored as the ocean water is of no value. 
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